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ABSTRACT
The purpose of this research is to study the effects of contrast, brightness, stock
settings, screen ruling, and dpi (resolution of the printer) of a still video image
imported into PhotoMac, a Macintosh color separation system used to make
four-color process separations from either scanned or video images. A still
video image is made of the Macbeth ColorChecker and digitized using ProViz,
a video digitizing device which can capture images and display them at 480 X
640 pixels in either gray scale or color. The images are output on a Linotronic
L-200P, a PostScript imager which is not rated by Linotype for production of
process color separations. It is believed that images can be made at an 85-line
screen ruling which are suitable for printing in a newspaper. Since one of the
advantages of still video is its ability to be telecommunicated, this can have a
large impact on the newspaper industry, provided the quality is acceptable.
In order to better understand the capability of PhotoMac and still video,
L* a* b*
values are taken for both the original (Macbeth ColorChecker) and the
reproductions using a Minolta Colorimeter. Matchprint, by 3M, is used to make
the reproductions. Delta E values are calculated using a spreadsheet to deter
mine if the original and the reproductions are or can be produced within three to
six Delta E's of the original. There are many problems associated with produc
ing four-color process separations using a L-200P, PostScript, and PhotoMac.
For example, four-color process separations sometimes cannot be reproduced
at the recommended screen angles and lines per inch, and so may cause a
pattern. Resolution (dpi), brightness, contrast, and stock settings and
there affect on color is also studied.
Chapter 1
INTRODUCTION AND BACKGROUND
The field of desktop publishing is growing rapidly. The advent of the electronic
scanner has made it possible to incorporate both halftone and line work
together in one film. There has been a great deal of work done in the area of
gray scales and production of an acceptable halftone using desktop equipment.
Within the last year several programs have been developed that expand the
number of steps on the gray scale, and four-color separations have been intro
duced. Today many programs allow one to scan in an image using 256 shades
of gray and 256 to 16.8 million colors, depending upon the video board used in
the computer to reproduce the photograph.
Traditional continuous-tone images are printed with a range of grays that can
be blended smoothly into one another using a halftone screen. The number of
shades of gray able to be reproduced is dependent on the range of the copy,
the range of the screen, and the tone reproduction of the printing system used.
Tones of gray are controlled by the size of dot and the screen ruling of the
halftone screen.
There are two methods of digitizing halftones. First, the scanner can create a
halftone as a bit map by "dithering" the image. Dithering smooths out the image
into fixed patterns of black-and-white dots that suggest shades of gray. Once a
dithered image is made it cannot be adjustedthat is to say enlargement, screen
ruling change, or any other type of modification cannot be done to the image.
The second method of digitizing an image is to use a gray-scale method.
Images created using this method convert the image into a file of raw gray-level
data rather than into an inflexible bit map. An image created this way can be
manipulated in a variety of ways, including changing size and Ipi (lines per
inch) without the need for rescanning.1 This image can be saved as a TIFF file
(Tagged Image File Format) and it is possible to edit the image.
There are a variety of gray-scale editing programs available like Digital Dark
room, Image Studio, and Publisher's Paintbrush. These programs allow for
gray-scale editing to enhance an image. These may be used in the shadow
area of the image to bring out the detail in darker areas of the image. Another
feature called convolution processing involves passing the image through a
"filter" that makes an image appear in softer or in sharper focus. Other functions
that are available with color separation halftone programs include UCR
(Undercolor Removal) and GCR (Gray Component Replacement) which are
used to control the percentages of cyan, magenta, and yellow ink for gray-bal
ance. Some programs have color correction for coated, uncoated, and
newsprint stocks. Programs use a variety of ways to represent color separa
tions. Three of these are red, green, and blue (RGB), hue/saturation/brightness
(HSB) and cyan, magenta, yellow, and black (CMYK). Files can be saved in a
variety of ways. These include: TIFF (Tagged Image File Format), EPS
(Encapsulated PostScript), PICT, and PICT2.2
Unlike the conventional printed halftone dot, which can vary in size depending
on the density of the original, digital halftone dots are of a fixed size. Halftone
dots produced digitally are arranged and printed in small groups called cells,
which are intended to simulate conventional halftone dots. Printed dots within a
cell are turned on or off to simulate shades of gray. The more black dots within a
cell, the darker gray the cell represents. The size of the cell corresponds to the
screen ruling in a conventional halftone. The larger the cell, the more gray
shades (levels) that can be represented. However, a problem arises: the larger
cell produces lower resolution and less sharp detail.
The optimum screen ruling for a digital halftone depends on the resolution of
the printer used. One of the problems is to determine the optimum balance
between sharpness and gray levels. This problem is compounded when color is
introduced. "Compared to the relatively tame disasters of black-and-white
printing, desktop color provides a real opportunity for spectacular disasters."3
Another very important variable is the scanner resolution, which is the number
of samples per inch the scanner takes. The best results are not always obtained
by using the highest possible resolution. In fact, if a gray scale scanner is being
used, the excess information is redundant and causes the printer to reduce it to
create the smaller Ipi (lines per inch) halftone.4 New multibit scanners can
detect gray values because they assign more than one bit to describe each
sample.
A formula used to determine the maximum number of gray levels that any given
printer can reproduce in a digital halftone is as follows: (dpi/lpi)2= the number of
usable gray levels (where dpi is the printer's
resolution).5 The same formula is
[(printer resolution (dpiVscreen frequency (Ipi)]2 = total number of gray shades
available.6
The way to increase the number of grays in a photograph is to increase the
number of printer dots per cell. This is acceptable to a degree, but when the cell
size is too large, the Ipi is decreased and the photograph reproduces in a very
coarse fashion. By increasing the resolution of the printer the dots per cell are
increased, thus the number of grays that can be reproduced is increased.
In determining the correct screen ruling to use for a photograph three things
must be taken into account: the number of grays in the original photo (tone
reproduction), the screen ruling desired, and the printing system to be used.
There is no need to increase the Ipi if the printer cannot reproduce (print) it.
When using a gray scale scanner the number of samples per inch should not
exceed the screen ruling of the halftone.7 To do so only causes the scanner to
operate at a slower rate and produce more information than is needed. This is
information overload and causes the printer to reduce the amount of information
before processing the job. Furthermore, if the number of grays (tones) needed
to be reproduced is less than the number of grays possible to be reproduced by
the Ipi and the resolution of the phototypesetter, then the reproduction does not
necessarily benefit from the higher resolution.
Since the introduction of PostScript in 1984 many new uses have developed in
the desktop publishing field. PostScript is a page description language used to
do a wide variety of imaging, including type, graphics, halftones, and color sep
arations. PostScript has been enhanced to provide more color capabilities than
earlier versions had. Applications have been developed in the past year to take
full advantage of PostScript's color imaging capabilities. One such program is
Avalon's PhotoMac, which allows color scans to be separated into four-color
separations and to perform such color manipulations as undercolor removal,
gray-component replacement, and gray-balance control.8 The advent of such
programs, along with new output devices, has put the world of four-color into the
realm of desktop publishing. The development of a medium-priced output
device such as Linotronic L-200, manufactured by the Linotype Company, has
also made it economically possible for desktop publishing to take advantage of
applications used for the reproduction of color.
It may be feasible for four-color separations to be produced for a newspaper
using a digital still video camera and an application such as PhotoMac. A four-
color poster produced at Cal Poly, San Luis Obispo has shown that PostScript
can be written to produce color separations.9 A 1988 paper read at the annual
meeting of the Technical Association of the Graphic Arts (TAGA) described the
poster's production. Only '"mechanical
separations'
such as spot color, screen
tints, line art, tinted type, and gradations were feasible at that time."10 "The
problems in reproducing full color process color images such as color pho
tographs is still too problematic due to memory and speed limitations."11
Adobe Systems has added to its setrgbcolor (set red-green-blue color) and
sethsbcolor (set hue-saturation-brightness color) operators, a setcmykcolor (set
cyan-magenta-yellow-black colors) which is the nomenclature used by the
graphic arts industry. To further enhance the application Adobe has developed
Display PostScript system "which gives users a way to see accurately on the
computer screen what their work will look like in its final form."12
One of the biggest problems that must be overcome in desktop color separa
tions are
moire'
patterns. J. A. C. Yule in his book Principles of Color
Reproduction describes a
moire'
pattern as follows:
whenever two periodic structures of nearly the same period are
superimposed, a pattern is likely to result. . . .In halftone
work the simplest and most noticeable pattern is that
produced by two parallel-line screen patterns oriented at a small
angle to each other.13
A pattern is defined by Dr. Rafiqul K. Molla in his book Electronic Color
Separation as "An undesirable pattern resulting from the overlapping of two or
more grid patterns such as the halftone dots produced by a screen."14
It should be noted that images captured by means of still video will not be as
sharp as those taken by traditional means. Most video images are captured at a
resolution of 640 by 480 pixels as compared with a Kodacolor 100 ASA nega
tive with a resolution of 20 million pixels. Sharpness further deteriorates when
the image is manipulated through PostScript. With still video it is very difficult, if
not impossible, to begin to get the image quality attainable through traditional
means of color separation.
The major advantages of using this kind of a system are the ease, speed, and
economy with which an image can be captured, manipulated and reproduced. It
is believed that for some segments of the printing industry this quality of color
separation would be acceptable. The newspaper industry, for example, can
capture an image and telecommunicate the image without the need for pro-
cessing film. By having the image captured in digital form, it can be manipulated
using desktop publishing systems that are very economical.
One of the disadvantages of using a desktop system is the speed at which it can
produce color separations. It now takes approximately 20 to 30 minutes to sepa
rate one still video image and then about the same amount of time to expose
and process the image through the Linotronic L-200P. This is time-consuming,
but it can be telecommunicated, unlike the conventional separation on film.
Although the cost is still high and the quality is questionable, there definitely
seems to be a market for separations generated on a desktop system.
Another problem faced by those who use a desktop publishing system for color
separations is converting RGB or HSB color space to a CMYK color space. Most
desktop color separation programs capture the image in RGB form. The printed
image may not print the same as what is seen on the screen once it is converted
to CMYK. True WYSIWYG systems are not available at this time. Also, monitors
need to be calibrated because without calibration, viewing even a true
WYSIWYG monitor can give a false representation of color.
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Chapter 2
THE PROBLEM
Can color separations be made for the newspaper industry using a still video
camera, a frame grabber, and a desktop color separation system that will result
in a color reproduction that falls within three to six Delta E's from the original?
Three to six Delta E's is becoming an industry standard for acceptable deviation
from the original.1 Delta E values are determined by squaring
L*+a*+b*
read
ings from a colorimeter and then taking the square root of them. In CIELAB the
L*
represents value or
"lightness"
of the color,
a*
and
b* together are hue and
chroma. Hue is the color itself (for example green), and chroma is the saturation
which describes how vivid or dull a color is. See figure 1 . Chroma can be
described by the following equation
C*
= Va*2+b*2. "Delta is used to indicate
deviation."2
whhe
'"'K^l/ I 1 LI W
r-*--
-^ -=
~
*
_ >
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Figure 1 - Solid
L*a*b*
color chart3
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The reproduction of quality halftones using still video and a desktop color sepa
ration program is in its infancy. Printing of color separations using this technol
ogy has not been widely tested. It is the intent of this research to test the
hypothesis to see what limits are inherent in the system at this time. It is known
that the resolution of traditional transparencies far exceeds that of still video.
Kodacolor 100 ASA film is equivalent to 20 million pixels per 35mm area while
still video is 600,000 pixels per 35 mm area. It is also known that there are
problems with PostScript and the angles and lines per inch at which the sepa
rations print out can cause a pattern. Programs that specify screen
angles and lines per inch have to make a compromise which often causes the
separation to be printed at an angle and Ipi other than specified. This
compromise often leads to a pattern problem. Another problem that the
desktop separation programs have is the mapping of colors in RGB color space
to CMYK color space. They are usually in RGB and color separations are made
in CMYK. There presently is no conversion for these two color systems. Conver
sion from RGB to CMYK requires extensive analysis of the source and target to
determine how values must be mapped from one domain to another. To further
complicate the situation most color monitors used in desktop color separation
have no way to be calibrated. So what you see is not what you get. Even if the
monitor could show a true representation of the image, how would it accurately
be converted to a CMYK color space? There are register problems with the
separations from the output device, and in some cases banding (unwanted
lines showing up in the halftone).
11
One of the biggest problems that must be overcome in desktop color sepa
rations are
moire'
patterns. A
moire'
pattern in a desktop color system is further
complicated by the fact that when a specific screen angle and ruling combina
tion are requested it may not be possible to produce those exact values. The
output device will supply the closest one possible. Three conditions are possi
ble; the angle matches exactly but the screen ruling is off slightly, the screen
ruling is correct and the angle is off slightly; or both the angle and the screen
ruling are off slightly. This depends on the resolution of the output device and
the screen ruling requested.5
It is important to note here, that unlike conventional color separations, where the
black printer often replaces parts of the other colors in undercolor replacement it
is not recommended in desktop color. Since the black printer can be the major
cause of a pattern it is recommended that only a skeleton black printer
be made for only the darkest areas. This will make it less likely to interfere with
other colors to form a pattern.6 In the Linotronic Color Developer
Information Pack it is recommended that "the software should provide the user
with the capability of selecting different screen angles and different screen
rulings for each separation."7
12
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Chapter 3
LITERATURE REVIEW
The literature for printing color separations via desktop publishing software is
rather limited at this time. Although there are a few published results none have
taken a scientific approach to the making and printing of color separations. The
research done has been by a few authors and is in no way a truly scientific
evaluation of the systems, but rather is a comparison of some of the systems.
James Felici in an article for Publish! magazine talks about the many problems
inherent in trying to make and print color separations using a desktop
publishing program.
From the time we started Publish!, our strategy has been to use
desktop technology for all phases of production, except where it
would be grossly inefficient or where quality just wasn't up to snuff.
Today, according to our latest tests, color photo reproduction
technology falls short for us on both those counts.1
Problems encountered included inaccurate color, poor contrast, and minor
patterning. At the time of this test the programs written in PostScript were
having difficulty in handling the screen rotations necessary to create crisp color.
Another problem mentioned in this article was that of the calibration of the
Linotronic 300. It seems there is a problem using a Linotronic for both paper
and film since separate calibrations are necessary for each material. Also, when
switching back and forth, the machine requires different adjustments which
affect the darkness of the image. Switching back and forth makes it almost
impossible to get predictable results.2 To further compound the problem it
seems that the chemistry used to develop the separations is affected by the
14
number of pieces of film run through the processor on a particular day and at
certain times of day. The Linotronic L-200 "is intended for the production of
newspapers, low-end magazines, newsletters, and other publications that do
not require the higher resolution halftones, and color separation capabilities of
the L-300."3
In a booklet entitled Color Developer Information Pack. February, 1989 by the
Linotype Company there is a very interesting statement that is worth quoting.
Every customer has different requirements for screen ruling and
resolution. The number of combinations is huge. We at Linotype
have a limited test facility. It is impossible at this time for us to
designate suggested angles for all the desired rulings and for the
different resolutions of the Linotronic 300. While we have
undertaken this as a research project, it is a time-consuming
process, and we have not completed it as of today.4
In an article entitled "Scanning for
Color"
by John Edwards, James Woodly is
quoted as saying that color fidelity is the scanner's major shortcoming.
The technology isn't quite there yet. The major problem I see in
most scanner-generated color images is an uneven quality in the
blacks and grays. The original RGB image has no black, so it's left
to the software to insert gray shades. It's hardly a foolproof
process.5
Part two of an article by Steve Roth, "Selecting a Color
Separator" The ABC's of
CMYK: makes a comparison of three color separation software programs. The
original image was a slide which was scanned using a 24-bit BarneyScan slide
scanner. The scanned image was then put into the three color separation
programs for comparison. All of the images were separated at 133 Ipi which is
equivalent to a 133 line screen halftone. The SpectrePrint separation is by far
15
the best looking color separation printed. But none of the images compared in
quality to the conventionally separated photograph.6
In another article in MacWEEKlor September 27, 1988, the SpectrePrint I and
SpectreMatch I were described. Color photographs can be scanned in at 300 to
1 ,000 dots per inch, and viewed on a color monitor. Color corrections made
using SpectreMatch I are identical to those of laser drum scanners. The opera
tor can adjust color by manipulating the output signals for cyan, magenta,
yellow and black. SpectrePrint I is then used to generate the four-color separa
tion files which are sent to an output device such as the L-300. The software
converts red, green, and blue to CMYK with interactive controls for separation,
gradation and masking. It can create files in Encapsulated PostScript (ESP) or
Tag Image File Format (TIFF) files.7 This is the high end of color separation
programs, costing $9,000 for the two programs. The quality is good and is
aimed at the "80% who really don't need such top-level results as well as a new
market black-and-white publishers who have stayed away from color because
of the pre-press costs."8 In this article, Pre-Press Technologies announced that
it has a new software product, SpectreMatch/Print for $7,500 which combines
the color correction of SpectreMatch with automatic separation.9
There is only one reference to using a Mac separation in a daily newspaper. An
article in MacWEEK for January 10,1989, describes how the ad was printed
using a scanned image separated by PhotoMac and printed out on a Linotronic
L-200. In a recent conversation with John Seibt, the Quality Assurance Manager
of the Dallas Times Herald, it was learned that a Linotronic L-300 had to be
used because of banding problems associated with the L-200 and the size of
the RIP (raster image processor). The problem occurred because the design
16
called for a four-color separation to be placed inside a solid. This was too much
for the L-200's RIP to handle.10
The Sevbold Report on Desktop Publishing published an article entitled
"Desktop Color Publishing: A Progress Report." In this report scanners, frame-
grabbers, color image processing, color monitors, color output, and a case
study are discussed.
The ease, speed, and economy at which color images can be captured using a
color video frame-grabber are discussed. To capture a scanned image all that is
needed to be done is to point the video camera at the subject and digitize or
"grab" it. It is much easier to control such photographic properties as composi
tion, cropping, contrast, and lightness. But the resolution of a frame grabber is
not very good. Another problem discussed is the problem of the color monitor's
not matching the printed color or even the color of the grabbed object. "This
color calibration problem is common in all methods of image acquisition and
reproduction, but it's even more misleading here because there are no slides or
originals with which to compare the printed image."11
Some advantages discussed are: the photographic step is skipped, the com
position can be adjusted in real time, images can be quickly and easily assem
bled into montages, and the limited spatial resolution makes smaller filesless
than 1 megabytewhich makes them much easier to handle.12
The color monitor used to view an image can be affected by a variety of factors
such as the room light, the color video card used, the age of the monitor, and
the temperature of the room. Also, . . . "the standard color model for printing,
17
CMYK, and the method of printing, halftoning, are different from the continuous
RGB tone of monitors, and the transformation from one to the other isn't
exact."13 So what one sees isn't what one gets when it comes to desktop color.
To sum up this article and desktop color publishing a quotation from Mike
Templeman seems appropriate.
The weakest link is in creating the separation films themselves.
Given the expertise, continual calibration, monitoring, and physical
plants required to create good separation films, they will probably
remain a product provided by service bureaus and prepress
houses that serve this kind of market. Furthermore, it's clear that
commercial grade and high-end magazine-grade color work will
still be done by prepress houses, because there doesn't seem to
be any easy way to provide the desktop publisher with the equip
ment and expertise needed to do such high-end work.14
"Bridging the Color
Gap,"
an article in Publish! magazine October, 1988 by
Keith Baumann, discusses LaserPaint Color II. It is a color separation program
which can import color images from a variety of sources to generate color sepa
rations for commercial printing. LaserPaint Color II can produce both spot color
and four-color separations. It can display 256 colors or 16.8 million colors
depending upon the color video board. It will import both TIFF and PICT2 bit
map files and offers UCR and
GCR.15
There are volumes written on patterns, but the literature on this subject
revolves around the halftone and its relation to the printing of four-color process
via conventional methods of color separation. J. A. C. Yule in his book,
Principles of Color Reproduction has done extensive research on
moire'
pat
terns as they relate to halftone screens, but none of the his work relates to sepa
rations done using Macintosh computers and computer software used to make
18
separations.16 Four-color printing will always have some degree of
pattern. There are problems specifically related to the black printer.
Moire'
patterns generated by the black printer are the darkest and therefore most
apparent.
Moire'
patterns appears most often in:
- areas of graduated color (fountains, or ramps)
- scanned images and
- areas that include a significant percentage of black.17
"It's a little-known fact that digital printing devices don't always deliver halftones
at the angle and frequency specified by the user."18 To avoid patterns
the author suggests output on a Linotronic L-300 at not more than 120 Ipi. In this
article the author provides a chart for the L-300 giving the requested frequency
and angle, and then what the user actually gets. For example, if what is wanted
is 133 Ipi at 15, what is really attained is 133.9 Ipi at
18 angle. PostScript out
put devices do substitute. They simply try for the best approximation of the angle
and frequency requested.19
An article in Publish! magazine describes the use of the ProViz Color digitizer to
digitize video images and print them in both black and white and in color.
ProViz captures images at a maximum resolution of 640 by 480 pixels. "While
not suitable for magazines, for example, this resolution is perfectly adequate for
in-house publications or catalogs."20 Using ProViz and a Mac II it is possible to
capture 256 levels of gray and either 4096 or 16.8 million colors, depending
upon the video board being used in the Mac II. In this article there are two
printed examples using this system. One is in black-and-white and the other is
in color. The caption under the two photographs reads . . ."ProViz color digitizer
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makes it easy to capture good-quality images like these."21 The photographs
lack sharpness and good tone quality, but this is a characteristic of video
images. The article goes on to describe the procedures needed to set up and
capture video images using ProViz. It also describes the manipulations ProViz
can do. One can manually adjust the RGB values and the overall color intensity.
It is also possible to adjust brightness and contrast. Images can be captured in
either the native ProViz or the PICT format. When using ProViz to capture the
image, the enhanced color table and image are stored together.22
In the August 1988 issue of Publish! magazine there is an article entitled "The
Electronic Darkroom" which reviews five different video digitizers. Two of the
programs are for the IBM PC or compatible while two more are for the Mac. The
two digitizers for the IBM support a variety of graphics formats such as TIFF,
MSP, PCX, IMG, and EPS. Aldus's Snapshot for the IBM uses windows like
PageMaker and it is described as easy to use. Snapshot's most impressive
features involve image manipulation. Contrast and brightness can be set auto
matically, adjusted with on-screen bars, or controlled with a feature called
Autogain. This feature allows one to specify a certain percentage of the image
to be black, another percentage to be white, and have Snapshot assign gray
levels to the middle tones accordingly. A unique feature is a gray-scale that can
be drawn in with the mouse that corresponds to the levels of gray in your
halftone. Some of the other features mentioned are painting and spraying pat
terns or image onto the image. Files can be saved in TIFF files in 16, 64, and
256 levels of gray. There is a choice of either dot or line screen, and screen
angles from 0 to 180 degrees.
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The other digitization program for the IBM is Computer Eyes which does not
allow one to do much beyond adjusting brightness and contrast. Also missing
from this program is the ability to save files in the TIFF file format, so one cannot
place a gray-scale image into Xerox's Ventura Publisher, a desktop publishing
system.
The two Mac programs are ProViz and Quick Capture. Since ProViz has been
discussed previously it will suffice to say that it was not ranked very well. Quick
Capture by Data Translation can record up to 256 levels of gray and retains
very good tonal qualities. It is designed to be used with a paint and retouching
program and is often sold with Letraset's Image Studio as a package. Quick
Capture only allows one to save images as TIFF files which limits its use with
other programs. Combining Quick Capture with Image Studio make it more
powerful and provides more features than any other program reviewed. High-
quality images with a minimum of technical problems makes this a very desir
able combination. The other video digitizer discussed in this article is TARGA
(Truevision Advanced Raster Graphics Adapter), which is a top of the line video
digitizer, but images must be converted to 300-dpi TIFF or similar file format
which loses the cutting-edge quality. In addition, desktop publishing using
TARGA requires several steps and is very expensive.23
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Chapter 4
HYPOTHESIS
By controlling the variables of brightness, contrast, screen ruling, stock settings
and dots per inch, a reproduction system for newspapers consisting of a still
video camera, ProViz image digitizer, a Macintosh II computer with an 8-bit
video board and color monitor, PhotoMac a color separation program, and a
Linotronic L-200P laser phototypesetter, the color reproduction can be
optimized in terms of significantly decreasing the average Delta E
differences between colors in an original and in a reproduction.
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Chapter 5
METHODOLOGY
The Test Object
The Macbeth ColorChecker was used as the test object because of its variety
of colors which is similar to those found in many colored photographs and
scenes memory colors. The test object has in it a variety of neutral gray
patches which will be helpful in determining gray balance capabilities of the
PhotoMac program. The ColorChecker is recommended for adjusting the color
balance of television screens and monitors. It was helpful in adjusting visual
color balance of the still video monitor and ProViz digitizer.
The Still Video Camera and Player
A still video picture was taken of the Macbeth ColorChecker under 5000-degree
Kelvin lighting to evaluate the color reproduction capabilities of PhotoMac and
still video. A Canon 760 High Resolution Still Video Camera with a resolution of
600,000 pixels per frame was used to take the still video picture. The Canon
760 still video camera's recorded images is a video recording and not a digital
recording. The image was then be played back on a Canon Still Video
Recorder RC 551 and evaluated for which lens aperture and lighting setting
gave the best visual tone reproduction.
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The Digitizer and Software
Pixelogic's ProViz RGB digitizer was used to digitize the image. ProViz digitizes
the image into 16.8 million colors in 24-bit. The digitizer displays in 640 X 480
pixels in 8-bit color and saves the digitized image in 24-bit. Pixelogic's ProViz
version 2.0 was used. This software permits saving files as RIFF, TIFF, ECPS, or
PICT file formats. The TIFF file format was used to store the digitized images
since it can be imported into other software programs used to make up pages,
and it is not necessary to rescan the image when a size change is necessary.
TIFF files can be reloaded into the scanner program and can save lines per inch
(Ipi), screen angle, and other color reproduction information.
The Computer and Software
A Macintosh II computer with eight-bit video boards was used to separate the
digitized images. The PhotoMac photodesign program was used to make the
color separations, and the brightness and contrast controls were adjusted to
evaluate how they effect color reproduction. The ProViz digitized image was
placed into PhotoMac, and the image was separated into PostScript files at 85-
Ipi and at 45-degree angle color. The default settings were used for screen
angle, gray balance, color correction and all of the gray component enhance
ment settings with the exception of the gray removal which will be set at zero.
The separations were made as negatives, emulsion down, suitable for printing
in a newspaper. The color separation files were sent to the Linotronic L-200P
via the SendPS 2.0 application. SendPS 2.0 is an Adobe program which allows
separations to be downloaded to the L-200P. The separations were output at
1270 dpi and at a density of 400.
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The Output Device and Film
The Linotronic L-200P laser typesetter was used to output files sent via SendPS
2.0 program. The separations were exposed on Fuji Laser film PD-100 at 1270
dpi and at a density of 400. The 1270 dpi was chosen for its good resolution to
printout rate. With 1270 dpi and an 85-lpi screen ruling 224 gray levels will be
produced and 2244 color levels. Although the L-200P can print at 1693 dpi, it
would be too time consuming and would not significantly improve the color
reproduction since ink limitations would reduce the number of colors
reproduced.
The Processor and Chemistry
After the film was been exposed, it was processed in a Kreonite Kre-matic film
processor. Kodak Ultratec chemistry was used to develop the film.
Proofing
The color separations were proofed using the 3M Matchprint Color proofing
system. The exposure was made on a Teaneck Fast Draw Vacuum System with
an Olite light integrator and a 3M Matchprint guide to insure proper exposure.
Color Measurement
A Minolta Chorma Meter model CR-221 was used to record the
L* a* b*
values
of the original Macbeth ColorChecker and a reproduction proof of the color
separations. It was calibrated to manufacturer's specications following the
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directions supplied. One set of original and reproduction a*
b*
values were
plotted on graph paper to show visually how much the reproduction colors differ
from the original colors. A spreadsheet was used to calculate the color differ
ences in Delta E and C* values of the original and the reproduction. The
spreadsheet was also used to calculate maximum and minimum Delta E and
C*
differences.
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Chapter 6
EQUIPMENT
Camera
Canon RC-760 - 600,000 pixel-per-inch still video camera.
Camera Recorder
Canon Still Video Recorder RC 551 with a Kodak SV 130 color
monitor.
Computer
Macintosh II supported with an 8-bit video board capable of
displaying 256 gray scale or 256 color images, a 13 inch Apple color
monitor, and a 40 MB hard disk.
Digitizer
Pixelogic's ProViz RGB with a 24-bit video board capable of
displaying 256 levels of gray scale or color.
ProViz can digitize either 256, 4096, or 16.8 million colors.
The digitizer will display 480 X 640 pixels in either gray scale or color.
Pixelogic Pixel CCD - charged coupled device.
Pixelogic 2.0 software permits saving files in the following
formatsRIFF, TIFF, ECPS, or PICT.
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Colorimeter
Minolta Colorimeter model CR-221 to measure Delta E deviations
from the original.
Output Device
Linotronic L-200P, with RIP version 47.1, laser typesetter with
PostScript capabilities (not rated by Linotype for printing color
separations).
Processor
Kreonite Kre-matic Film Processor with Kodak Ultratec
developer.
Separation Program
PhotoMac version 1.0 by Avalon Development Group with
"SendPS 2.0".
Proofing System
3M Matchprint.
Proofing Equipment
Teaneck Graphics Fast-Draw Vacuum System.
Olix light integrator Al 970.
3M Matchprint laminator 447.
3M Matchprint Processor.
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MATERIALS
1 . The Macbeth ColorChecker.
2. Fuji Laser Film PD-F1 00.
3. Kodak Ultratec chemistry.
4. A digitally-scanned image of the Macbeth ColorChecker.
5. Full Impact spreedsheet software version 1 .0 by Ashton-Tate.
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Chapter 7
CONCLUSIONS
DPI and Delta E Values
One of the most interesting conclusions to the author was that the dpi (dots per
inch) settings on the Linotronic L-200P made no significant difference in the
reproduction of color when using PhotoMac. The data clearly show that there
was little difference between the four dpi settings available on the L-200P laser
typesetter. Figure 2 shows the mean Delta E and a 95% confidence interval for
dpi Delta E w/ 95% Confidence Interval
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Figure 2 - dpi graph with a 95% Delta E confidence interval
each of the four dpi settings on the L-200 P. Since all four ranges overlap, there
is no significant difference among them. The average Delta E difference for all
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24 colors of the original and the reproduction was between 19 and 21 Delta E's.
Although the Delta E differences between the original and the reproduction
were very high, as much as 20 with the purple patch, for example, the maximum
difference among dpi settings was only 2 Delta E's. The largest Delta E
difference for a single color among the four dpi settings occurred in the orange-
yellow which was 8, This color patch was also the one which had the greatest
Delta E difference between the original and the reproduction. See appendix F
page 77.
It was also interesting to see that the reproduction of some of the secondary
colors such as cyan were relatively unaffected by changes in the dpi settings on
the L-200P. The Delta E from the original to the reproduction of the cyan patch
at 635 dpi was 7, at 846 dpi was 6, at 1 270 dpi it was 4 and at 1 693 dpi it was 2.
However, this did not hold true for most of the colors. They in fact increased in
Delta E difference as the dpi increased by an average of 2 Delta E's. This would
not be a significant Delta E difference.
Another result that verified a statement by John Seibt was that red did not
reproduce well in PhotoMac. This was evident in the high Delta E differences
between the original and the reproduction for moderate red, red, and magenta
color patches. Moderate red reproduced at a dpi of 1270 at 29 Delta E's from
the original. Red reproduced at 25 Delta E's from the original at a dpi of 1270
and magenta reproduced at 28 Delta E's from the reproduction.
Visual differences of the four different dpi proofs were not significant. The only
time it would be of benefit to use a higher dpi setting would be when printing a
photograph that has a gradation such as a blue sky going from dark blue to a
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light blue. This would allow for more screen angles thus reducing the likelihood
of a
moire'
pattern.
Stocks and Delta E Values
Newsprint and coated stocks yielded unusual printed results. There was no
highlight dot in the white patch of the ColorChecker for the coated stock setting,
but there was a four percent dot on the proof of the newsprint. To print a good
quality halftone on coated stock, it is imperative that a halftone dot be printed in
the highlight area of the reproduction. Since a goal of this research was to see if
a calibration system could be set up for PhotoMac which could be used by the
newspaper industry, when testing the hypothesis, PhotoMac was set at the
coated stock setting since generally no highlight dot would print in a white high
light area of a newspaper color separation.
There was no significant difference in the Delta E values for the three different
types of stocks for which one could chose to make separations. See appendix F
page 78. The Delta E averages for these three settings were 18 for newsprint,
19 for uncoated stock and 20 for coated stock. The difference between the
highest and the lowest average Delta E is 2 which is not significant. Figure 3,
page 34, shows the mean Delta E and a 95% confidence level for the three
stock settings available on PhotoMac. There was no significant difference
among the three stock settings.
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Figure 3 - Stock settings graph with 95% confidence interval
There was no significant difference in any of the twenty-four colors sampled.
Subtracting the maximum Delta E value from the minimum Delta E value pro
duced no significant difference in any of the colors. The highest Delta E was 5 in
the blue patch on the Macbeth ColorChecker and the lowest Delta E was 0.3 in
the moderate red patch. Cyan and black were the only two colors to fall within
the acceptable Delta E variance range of less than six Delta E's, and that was
only on the newsprint setting.
Contrast and Delta E Values
By setting the contrast controls at six different settings and making separations
at 30, 40, 50, 60, 70, and 80 it was hoped that one these settings would signifi
cantly change the Delta E's to lower them to six or less Delta E's. There were
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Figure 4 - Contrast settings with a 95% Delta E confidence interval
some large differences but they did not lower the Delta E values to within the six
Delta E limit. Figure 4 shows the mean Delta E and a 95% confidence interval
for each of the six contrast settings. Since all six ranges overlap, there was no
significant difference among them. Large Delta E differences occurred in purple,
blue, yellow-green, and orange-yellow. See appendix F page 76. The contrast
setting at 40 produced the lowest Delta E difference for the colors purple, and
yellow-green while the setting of 50 produced the lowest Delta E difference for
blue. A setting of 30 produced the lowest Delta E difference for orange-yellow.
All three secondary colors were not significantly changed by either increasing
or decreasing contrast. The greatest change occurred in cyan which went from
Delta E of 6 at a contrast setting of 30 to a Delta E of 3 at a contrast setting of 80.
Two of the three primary colors were not significantly changed by the increasing
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or decreasing contrast. Blue, however, was changed by a Delta E difference of
25. The lowest Delta E for the blue patch was at a contrast setting of 50 (28) and
the highest was at a contrast setting of 80 (53). The difference between the
averages for all the different contrast settings was 5. While some colors were
improved by changing the contrast others did not. For the most part, contrast
only affected the
L*
or value of the color. Value, as defined before, is the
darkness or lightness of a color. Thus Delta E differences among different
contrast settings are not primarily caused by hue changes.
Brightness and Delta E Values
By setting the brightness controls at six different settings and making sepa
rations at 30, 40, 50, 60, 70, and 80 it was hoped that these settings could be
used to significantly reduce the Delta E differences from original to reproduc
tion. Brightness had a significant effect on colors such as dark skin, foliage, pur
ple, blue, cyan and black. All of these colors had a significant amounts of cyan
in the separations. Cyan had an overall Delta E difference of 23 which was one
of the highest changes, it ranged from a low Delta E value of 2 at a brightness
setting of 70 to a Delta E value of 25 for a setting of 30. Only dark skin (27) and
foliage (28) had higher Delta E differences. See appendix F page 75.
Brightness affected Delta E differences in moderate red the least which had a
Delta E difference of 6. Again, confirming John Seibt's observations that red
was a very difficult color to reproduce using PhotoMac. Using a 95% confidence
interval there was no significant difference in the overall mean Delta E values
for the six brightness settings tested. See figure 5 page 37.
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Chapter 8
Summary
In summary both brightness, and contrast increased and decreased Delta E
values but, neither proved to significantly change the Delta E values overall.
The confusion with the highlight dots and the stock settings yielded pertinent
information that should be corrected by the manufacturer. The dpi settings had
no significant difference in the ability of PhotoMac and the L-200P to reproduce
the original better at one setting.
The hypothesis has been proven to be false. That is to say, by controlling the
variables of brightness, contrast, screen ruling, stock settings and dots per inch,
a reproduction system for newspapers consisting of a still video camera, ProViz
image digitizer, a Macintosh II computer with an 8-bit video board and color
monitor, PhotoMac a color separation program, and a Linotronic L-200P laser
phototypesetter, the color reproduction cannot be optimized in terms of
significantly decreasing the average Delta E differences between colors in an
original and in a reproduction one.
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Chapter 9
Recommendations for Further Study
Further study is recommended for the color correction portion of PhotoMac.
Since brightness and contrast control only a portion of the tone reproduction of
a separation it would be of benefit to see how the RGB controls effect the repro
duction. Little is known at this time how the RGB color space is converted to
CMYK color space. Since black is a major cause of patterns occurring in
PhotoMac separations this would be of benefit to the user.
Two other areas of study might be those of gray component enhancement and
gray balance, since it is not clear how they really function. PhotoMac was used
to produce separations for an electronic still video newspaper and it was
learned that when the gray removal portion of the gray component enhance
ment was introduced, at a setting of ten percent, an area in which black was
present had an objectionable pattern.
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LIST OF TERMS
TIFF - Tagged Image File Format.
ESP - Encapsulated PostScript.
PICT - An Apple Computer format that defines an object oriented graphic.
PICT2 - An Apple Computer format that defines an object oriented color
graphic.
RIFF Raster Image File Format.
L* a* b*
- a color numeration system that allows one to express color in terms
of numbers.
L* is value of the color lightness/darkness, a* +
b*
refer to the hue
(which refers to the color itself e.g. red), and
b* is the chroma or saturation of the
color.
C*
- is the defined by the equation C*=Va*2+b*2. It is also referred to as
Chroma.
Delta E - is the sum of L*2+a*2+b*2 divided by the square root. It tells one how
far one color is from another.
Ipi - refers to the lines per inch or screen ruling of the separations.
dpi refers to the dots per inch (resolution).
RGB - refers to the colors Red, Green, and Bluethe three primary colors in
additive color. It is also the way humans perceive color and the way color is
achieved on a colored monitor.
HSB - Hue, Saturation, and Brightness; are ways of describing color. Hue is the
color itselfyellow. Saturation is how vivid or dull the color
isthe relative
strength of the color. Brightness refers to the lightness/darkness of a color.
UCR - Undercolor Removal is a technique of replacing the three-color gray
component (cyan, magenta, and yellow ink) with black, in a four-color separa
tion, thereby reducing the three-color gray.
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GCR - Gray Component Replacement is a process in which no color is pro
duced with more than two colors and black. The four-color separations are still
made but, in most of the reproduction there are very few areas with more than
two colors and black.
CMYK - Cyan, Magenta, Yellow, and Black: colors of ink used by printers to
print four color photographs.
WYSIWYG - Computer term standing for What You See Is What You Get.
MB - Computer term standing for megabyte, which is one thousand kilobytes.
CCD - Charged Coupled Device The image formed on the surface of the
CCD is converted by the CCD to a video signal, which in turn is converted into
R, G, B (red, green, blue) signals by the RGB separator, sample and hold circuit,
white level adjustment circuit, black level adjustment circuit and gamma
compensation circuit. The image formed on the CCD is eventually reproduced
by input of these color signals to the CRT.
DPSK - Differential Phase Shift Key found on the still video camera.
TARGA - Truevision Advanced Raster Graphics Adapter.
RIP - Raster Image Processor Linotype's PostScript imager used on the
Linotronic L-200P.
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APPENDIX B
STILL VIDEO CAMERA INFORMATION
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STILL VIDEO CAMERA OPERATION
The basic functions of a still video system are image input, recording, playback,
and an image-viewing monitor.1 Images are recorded on a video floppy disc
which looks very similar to a three and one-half-inch computer disk. The
recording format is such that the luminance signal, differential color signal, and
ID signal are all recorded on the same track. It is necessary to record the signals
at differing frequencies.2 There are eight basic parts to the still video camera.
The following is a brief description of what each part does.
Image input
The image formed on the surface of the CCD (Charged Coupled
Device) is converted by the CCD to a video signal, which in turn is
converted into R, G, B (red, green, blue) signals by the RGB
separator, sample and hold circuit, white level adjustment circuit,
black level adjustment circuit and gamma compensation circuit.
The image formed on the CCD is eventually reproduced by input
of these color signals to the CRT.
RGB matrix encoder unit
In this unit the R, G, B signals are converted to luminance (Y + S) and
differential (R - Y, B Y) signals.
Modulator unit
Here, the luminance signal, (Y + S) differential color signal, (R-Y,
B-Y) and ID signal each modulate carriers according to the
frequency spectrum determined by the video floppy disc standards
for recording.
Recording/playback unit
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Here the FM modulated luminance and differential color signals,
and DPSK (Differential Phase Shift Key) modulated ID signal are
mixed to produce one signal for recording on the video floppy disc
via the magnetic head. The signal is separated into its components
again on playback by magnetic head. The head also operates to
erase unwanted data from the disc.
Demodulator unit
In this unit the FM modulated luminance and differential color
signals, and DPSK modulated ID signal are converted back to the
original luminance (Y + S), differential color (R - Y, B - Y) and ID
signal.
RGB matrix decoder unit
Here the luminance and differential color signals are converted to
RGB signals.
NTSC signal processing unit
Luminance signals (Y + S) and differential color signals (R Y, B -
Y) from the demodulator unit are converted by this unit to NTSC
(National Television Signal Code) video signals. The unit also has
a decoder circuit for converting NTSC video signals to the original
luminance signal and differential color signals.
Image playback unit (CRT)
This circuit has the reverse operation of the encoder circuit, and
produces luminance (Y + S) and differential color (R - Y, B - Y)
signals from NTSC video signals.3
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FOOTNOTES
(1) Canon, Still Video SystemBasic Electrioal Edition. First Edition,
(November, 1988), pp. 2, 9, 14-18.
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APPENDIX C
MACBETH COLOR CHART
50
<D
o
a>
^
o
^
o 03
JZZ
o o
o c
o
^^ M
Q) c
-Q <i>
O DC
CO 1.
2 oo
H o
o
E
CO
^H
O)
CO
c
a>
'5
m
5
o
>
<D
D)
C
CO
k_
O
c
CO
>.
O
!
v.
0)
5
o
LL
CU
3
m
c
0)
0)
1_
O
3
o
>
3
c
CD
ro
CO
2
o
CO
o
LL
<I>
a.
3
CL
5
o
>
2 i.
Z
w
>>
(/)
CD
3
CD
o
o
rr
cd
CO
d)
D
O
2
a>
2 ^
z
^
c
C/)
x:
_j
cd
3
CD
Q.
i_
3
a.
c
a>
a>
O
2 ^
3gJ
z
w
c
!
CO
a
CD
c
CO
O
a>
3
CD
*
in
q
to
C
o
51
APPENDIX D
C* GRAPHS OF THE ORIGINAL VS
THE REPRODUCTION
AT 1270 DPI 50/50 BRIGHTNESS & CONTRAST
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GRAPH OF C* DIFFERENCES
ORIGINAL VS REPRODUCTION
1270 DPI 50/50 BRIGHTNESS & CONTRAST
COATED STOCK SETTING
PATCHES 1-20
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GRAPH OF C* DIFFERENCES
ORIGINAL VS REPRODUCTION
1270 DPI 50/50 BRIGHTNESS & CONTRAST
COATED STOCK SETTING
PATCHES 19-24
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APPENDIX E
DELTA E & C* DATA FOR
BRIGHTNESS, CONTRAST, DPI, & STOCKS
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Brightness 30 1270 dpi
L*
a
" b ' L* a * b* AE c "
1 36.17 15.17 16.10 35.94 0.95 17.08 14.26 14.25 Dark Skin
2 65.88 16.81 17.83 73.15 -1.68 26.51 21.68 20.43 Light Skin
3 50.69 -1.70 -21.34 53.21 -8.1 1 -8.8 14.31 14.08 Blue Sky
4 41.67 -17.26 23.83 43.49 -21.98 23.83 5.06 4.72 Foliage
5 55.42 13.07 -25.23 59.29 -0.44 -3.83 25.60 25.31 Blue Flower
6 70.42 -29.91 0.73 71.23 -11.36 3.92 18.84 18.82 Blush Green
7 61.40 32.38 60.26 61.42 3.23 51.08 30.56 30.56 Orange
8 39.43 15.57 -42.14 29.24 -5.61 -15 75 35.34 33.84 Purplish Blue
9 50.25 48.29 16.72 41.2 18.43 23.36 31.90 30.59 Moderate Red
10 28.79 24.91 -20.78 22.31 -1.9 -0.31 34.35 33.73 Purple
1 1 70.70 -26.98 59.14 70.45 -15.1 67.38 14.46 14.46 Yellow Green
12 70.93 15.41 67.86 70.62 -6.98 66.83 22.42 22.41 Orange Yellow
13 30.10 25.66 -54 76 22.3 -0.63 -0.97 60.38 59.87 Blue
14 55.39 -43.65 35.44 56.77 -25.75 39.04 18.31 18.26 Green
15 40.17 56.2 26.97 31.97 14.26 15.62 44.22 43.45 Red
16 81.72 -2.27 83.53 75.73 -10.43 77.48 11.79 10.16 Yellow
17 49.91 51.68 -15.95 49.12 23.16 3.41 34.48 34.47 Magenta
18 51.83 -22.64 -27.56 43.26 -21.66 -19.81 11.60 7.81 Cyan
19 93.97 0.23 1.45 81.45 -4.09 11.4 16.57 10.85 White (.05)
20 79.84 0.21 0.18 80.23 -5.68 10.02 11.47 1 1.47 Neutral 8
(.23)*
21 66.14 -0.48 0.61 70.45 -6.11 8.62 10.70 9.79 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 48.84 -9.37 5.93 10.55 10.38 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 23.1 -3.29 1.54 12.59 3 02 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 23.22 -3.08 0.84 5.18 3.64 Black (1.50)
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Delta-E and c* values for
0 riginal vs. Reproduction of Scanned Image
Orig nal Reproduction
L*
a
"
AE c
"
Brightness 40 1270 dpi
b L* a ' b*
1 36.17 15.17 16.10 42.65 -0.28 25.17 19.05 17.92 Dark Skin
2 65.88 16.81 17.83 78.78 -1.84 27.93 24.82 21.21 Light Skin
3 50.69 -1.70 -21.34 55.44 -6.29 -10.39 12.79 11.87 Blue Sky
4 41.67 -17.26 23.83 48.61 -22.61 29.5 10.44 7.80 Foliage
5 55.42 13.07 -25.23 63.79 2.07 -4.91 24.58 23.11 Blue Flower
6 70.42 -29.91 0.73 75.75 -13.08 0.94 17 66 16.83 Blush Green
7 61.40 32.38 60.26 63.57 5.54 60.16 26.93 26.84 Orange
8 39.43 15.57 -42.14 33 r ; 0.93 -22.99 24 72 24.11 Purplish Blue
9 50.25 48.29 16.72 48 25.21 30.68 27.04 26.97 Moderate Red
10 28.79 24.91 -20.78 23.16 1.14 -8.31 27.43 26.84 Purple
1 1 70.70 -26.98 59.14 75.11 -16.68 71.48 16.67 16.07 Yellow Green
12 70.93 15.41 67.86 74.79 -6.64 73.77 23.15 22.83 Orange Yellow
13 30.10 25.66 -54.76 25.95 2.13 -18.87 43.12 42.92 Blue
14 55.39 -43.65 35.44 58.62 -27.46 46.55 19.90 19.64 Green
15 40.17 56.2 26.97 40.28 23.29 27.73 32.92 32.92 Red
16 81.72 -2.27 83.53 81.16 -12.52 81.52 10.46 10.45 Yellow
1 7 49.91 51.68 -15.95 52.98 26.73 3.04 31.50 31.35 Magenta
18 51.83 -22.64 -27.56 45. 7g -20.48 -21.95 8.52 6.01 Cyan
19 93.97 0.23 1.45 87.83 -5.41 10.59 12.37 10.74 White (.05)
20 79.84 0.21 0.18 86.11 -6.58 8.37 12.35 10 64 Neutral 8
(.23)*
21 66.14 -0.48 0.61 73.34 -6.3 8.7 12.29 9.97 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 54.69 -9.14 4.34 10.19 9.39 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 23.46 -3.7 1.96 12.39 3.58 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 23.09 -2.84 1.67 5.15 3.73 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Brightness 50 1270 dpi
L*
a
* b* L*
a
* b*
AE c
*
1 36.17 15.17 16.10 48.16 1.46 31.18 23.65 20.38 Dark Skin
2 65.88 16.81 17.83 82.56 -2.84 30.11 28.55 23.17 Light Skin
3 50.69 -1.70 -21.34 60 -5.37 -13.14 12 94 8.98 Blue Sky
4 41.67 -17.26 23.83 54 -24.02 36 03 18.62 13.95 Foliage
5 55.42 13.07 -25.23 67.91 2.64 -4.73 26.17 23.00 Blue Flower
6 70.42 -29.91 0.73 79.29 -10.51 -0.64 21.38 19.45 Blush Green
7 61.40 32.38 60.26 69.11 7.15 66.4 27.09 25.97 Orange
8 39.43 15.57 -42.14 35.16 4.47 -28.26 18.28 17.77 Purplish Blue
9 50.25 48.29 16.72 50.48 35.18 39.17 26.00 26.00 Moderate Red
10 28.79 24.91 -20.78 29.86 3.12 -18.1 21.98 21.95 Purple
1 1 70.70 -26.98 59.14 79.48 -14.46 78.96 25.03 23.44 Yellow Green
12 70.93 15.41 67.86 79.75 -7.49 79.39 27.1 1 25.64 Orange Yellow
13 30.10 25.66 -54.76 27.47 17.41 -28.1 28.03 27.91 Blue
14 55.39 -43.65 35.44 63.22 -29.3 49.66 21.67 20.20 Green
15 40.17 56.2 26.97 46.52 33.92 37.59 25.49 24.68 Red
16 81.72 -2.27 83.53 82.41 -1 1.81 83.61 9.57 9.54 Yellow
1 7 49.91 51.68 -15.95 55.7 33.28 4.71 28 27 27.67 Magenta
1 8 51.83 -22.64 -27.56 48.47 -19.99 -27.14 4.30 2.68 Cyan
19 93.97 0.23 1.45 88.85 -4.59 9.92 11.01 9.75 White (.05)
20 79.84 0.21 0.18 88.76 -4.55 9.82 13.97 10.75 Neutral 8
(.23)*
21 66.14 -0.48 0.61 77.21 -6 23 9.05 15.06 10.21 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 59.58 -9.34 6.96 14.07 10.95 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 28.68 -10.05 3.5 12.02 10.02 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 26.93 -0 12 3.01 8.05 3.19 Black (1.50)
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Delta-E and c* values for
0 riginal vs. Reproduction of Scanned Image
Original Reproduction
L*
a
*
AE c
*
Brightness 60 1270 dpi
b* L*
a
* b*
1 36.17 15.17 16.10 56.3 0.94 42.12 35.84 29 66 Dark Skin
2 65.88 16.81 17.83 85.03 -5.42 27.01 30.74 24.05 Light Skin
3 50.69 -1.70 -21.34 64.42 -4.94 -11.64 17.12 10.23 Blue Sky
4 41.67 -17.26 23.83 58.27 -23.55 39.2 23.48 16.61 Foliage
5 55.42 13.07 -25.23 72.4 0.76 -2.41 30.99 25.93 Blue Flower
6 70.42 -29.91 0.73 80.68 -9.4 -0.67 22.98 20.56 Blush Green
7 61.40 32.38 60.26 71.73 4.1 68.93 31.33 29.58 Orange
8 39.43 15.57 -42.14 39.12 1.82 -26.24 21.02 21.02 Purplish Blue
9 50.25 48.29 16.72 53 38.21 39.17 24.76 24.61 Moderate Red
10 28.79 24.91 -20.78 32.43 18.19 -24.52 8.51 7.69 Purple
1 1 70.70 -26.98 59.14 79.76 -13.92 77.63 24.38 22.64 Yellow Green
12 70.93 15.41 67.86 81.86 -11.02 81.39 31.64 29.69 Orange Yellow
13 30.10 25.66 -54.76 29.86 21.44 -26.77 28.31 28.31 Blue
14 55.39 -43.65 35.44 66.57 -26.35 54.55 28.10 25.78 Green
1 5 40.17 56.2 26.97 48.78 43.93 43.16 22.06 20.31 Red
16 81.72 -2.27 83.53 82.12 -11.59 81.73 9.50 9.49 Yellow
17 49.91 51.68 -15.95 59.2 36.44 3.57 26.45 24.76 Magenta
18 51.83 -22.64 -27.56 51.77 -19.51 -27.98 3.16 3.16 Cyan
19 93.97 0.23 1.45 88.8 -4.62 9.8 10.95 9.66 White (.05)
20 79.84 0.21 0.18 88.71 -4.51 9.73 13.86 10.65 Neutral 8 (.23)'
21 66.14 -0.48 0.61 83.39 -7.58 8.51 20.26 10.62 Neutral 6.5 (.44)*
22 50.74 -0.68 0.26 67.03 -7 46 8.71 19.56 10.83 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 35.21 -13.17 5.1 13.50 13.50 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 32.66 -0.08 5.15 14.15 5.30 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Brightness 70 1270 dpi
L*
a
' b* L*
a
* b*
AE c
'
1 36.17 15.17 16.10 61.12 1.92 44.8 40.27 31.61 Dark Skin
2 65.88 16.81 17.83 86 44 -7.19 26.95 32.89 25.67 Light Skin
3 50.69 -1.70 -21.34 68.57 -6.22 -8.89 22.25 13.25 Blue Sky
4 41.67 -17.26 23.83 62.85 -23.47 50.23 34.41 27.12 Foliage
5 55.42 13.07 -25.23 75.52 -0.59 -0.27 34 84 28.45 Blue Flower
6 70.42 -29.91 0.73 82.02 -8.58 1.51 24.29 21.34 Blush Green
7 61.40 32.38 60.26 73.24 2.17 69.16 33.65 31 49 Orange
8 39.43 15.57 -42.14 41.99 -1.72 -25.49 24.14 24.00 Purplish Blue
9 50 25 48.29 16.72 53.84 36.46 35.48 22.47 22.18 Moderate Red
10 28.79 24.91 -20.78 33.89 20.01 -22.82 7.36 5.31 Purple
1 1 70.70 -26.98 59.14 81.3 -12.32 79.1 26.94 24.77 Yellow Green
1 2 70.93 15.41 67.86 82.17 -11.52 80.8 31.92 29.88 Orange Yellow
13 30.10 25.66 -54.76 31.03 19.78 -25.54 29.82 29.81 Blue
14 55.39 -43.65 35.44 68.98 -23.6 56.12 31.85 28.80 Green
15 40.17 56.2 26.97 48.41 45.2 41.7 20.15 18.38 Red
16 81.72 -2.27 83.53 82.01 -11.5 80.81 9 63 9 62 Yellow
17 49.91 51.68 -15.95 60.68 34.28 4.19 28.71 26.62 Magenta
18 51.83 -22.64 -27.56 54.26 -22 59 -27.87 2.45 0.31 Cyan
19 93.97 0.23 1.45 88.78 -4.62 10.07 11.17 9.89 White (.05)
20 79.84 0.21 0.18 88.69 -4.6 10.08 14 12 11.01 Neutral 8 (.23)*
21 66.14 -0.48 0.61 85.27 -7.1 7.51 21.39 9.56 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 71.16 -8.86 9.36 23.81 12.24 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 39.93 -17.68 9.36 19.94 19.40 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 39.51 -2.85 5.98 21.14 6.93 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Brightness 80 1270 dpi
L* a* b" L*
a
" b*
AE
c*
1 36.17 15.17 16.10 63.76 3.19 51.38 46.36 37.26 Dark Skin
2 65.88 16.81 17.83 86.58 -7.01 25.83 32.56 25.13 Light Skin
3 50.69 -1.70 -21.34 72.83 -8.38 -6 58 27.43 16.20 Blue Sky
4 41.67 -17.26 23.83 65.91 -25.08 53 38.72 30.20 Foliage
5 55.42 13.07 -25.23 76.91 -1.38 0.39 36.43 29.41 Blue Flower
6 70.42 -29.91 0.73 80.88 -9 37 -0.14 23.07 20.56 Blush Green
7 61.40 32.38 60.26 75.17 -0.9 70.98 37.58 34.96 Orange
8 39.43 15.57 -42.14 45.83 -5.41 -24.49 28.15 27.42 Purplish Blue
9 50.25 48.29 16.72 54.76 35.16 36.67 24.31 23.88 Moderate Red
10 28.79 24.91 -20.78 37.1 18.77 -21.08 10.34 6.15 Purple
1 1 70.70 -26.98 59.14 80.76 -12.93 78.8 26.17 24.16 Yellow Green
12 70.93 15.41 67.86 82.24 -11.84 80.97 32.29 30.24 Orange Yellow
13 30.10 25.66 -54.76 33.69 18.7 -23.59 32.14 31.94 Blue
14 55.39 -43.65 35.44 70.2 -22.65 56.84 33.44 29.98 Green
15 40.17 56.2 26.97 48.96 44.39 42.15 21.15 19.23 Red
16 81.72 -2.27 83.53 81.99 -11.72 81.83 9.61 9.60 Yellow
17 49.91 51.68 -15.95 62.33 31.59 4 3 31.1 1 28.52 Magenta
18 51.83 -22.64 -27.56 56.44 -23 98 -27.45 4 80 1.34 Cyan
19 93.97 0.23 1.45 88.71 -4.69 10.16 11.30 10.00 White (.05)
20 79.84 0.21 0.18 88.67 -4.64 10.06 14.1 1 1 1.01 Neutral 8 (.23)*
21 66.14 -0.48 0.61 85.24 -6.96 6.87 21.12 9.01 Neutral 6.5 (.44)*
22 50.74 -0.68 0.26 73.17 -8.68 8 52 25.21 11.50 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 44.29 -17.52 6.52 20.17 18.07 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 42.65 -3.1 5.35 24.01 6.52 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Contrast 30 1270 dpi
L*
a
* b* L*
a
" b*
AE c
*
1 36.17 15.17 16.10 52.41 3.26 36.41 28.60 17.92 Dark Skin
2 65.88 16.81 17.83 77.55 -0.97 28.37 23.74 22.63 Light Skin
3 50.69 -1.70 -21.34 57.06 -5.77 -11.33 12.54 28.36 Blue Sky
4 41.67 -17.26 23 83 52.69 -23.01 36.17 17.52 23.65 Foliage
5 55.42 13.07 -25.23 64.85 2.54 -4.84 24.81 22.30 Blue Flower
6 70.42 -29.91 0.73 75.11 -1 1.5 2.46 19.08 9.90 Blush Green
7 61.40 32.38 60.26 67.26 7.44 66.33 26.33 27.51 Orange
8 39.43 15.57 -42.14 36.66 3.5 -26.62 19.86 4.23 Purplish Blue
9 50.25 48.29 16.72 51.11 36.45 39.39 25.59 11.10 Moderate Red
10 28.79 24.91 -20.78 30.96 16.36 -23.38 9.20 10.35 Purple
1 1 70.70 -26.98 59.14 75.24 -16.48 73.66 18 48 9.75 Yellow Green
1 2 70.93 15.41 67.86 73.58 -6.13 74.81 22.79 9.60 Orange Yellow
13 30.10 25.66 -54.76 28.99 21.25 -26.75 28.38 14.21 Blue
14 55.39 -43.65 35.44 61.13 -25.96 51.13 24.33 6.09 Green
1 5 40.17 56.2 26.97 46.76 40.88 43.17 23.25 17 92 Red
16 81.72 -2.27 83.53 79.12 -11.65 80.36 10.24 22.63 Yellow
1 7 49.91 51.68 -15.95 54.51 32.09 3.36 27.89 28.36 Magenta
18 51.83 -22.64 -27.56 47.37 -19.99 -24.26 6.15 23.65 Cyan
19 93.97 0.23 1.45 83.6 -4.39 11.54 15.19 22.30 White (.05)
20 79.84 0.21 0.18 82.93 -4.99 9.13 10.80 9.90 Neutral 8
(.23)*
21 66.14 -0.48 0.61 73.39 -5.96 8.67 12.15 27.51 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 58.11 -8.7 5.53 12.10 4 23 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 34.5 -13.53 6.07 14 24 11.10 Neutral 3.5 (1.05
24 19.54 0.43 -0.13 32.5 0.08 5.95 14.32 10.35 Black (1.50)
62
Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Contrast 40 1270 dpi
L*
a
" b * L* a* b * AE c *
1 36.17 15.17 16.10 51.53 2.5 34.11 26.85 22.02 Dark Skin
2 65.88 16.81 17.83 77.06 -1.87 27.9 23.99 21.22 Light Skin
3 50.69 -1.70 -21.34 57.69 -5.76 -1 1.04 13.10 1 1.07 Blue Sky
4 41.67 -17.26 23.83 52.98 -23.23 34.53 16.67 12.25 Foliage
5 55.42 13.07 -25.23 65 2.35 -5.37 24.52 22.57 Blue Flower
6 70.42 -29.91 0.73 74.07 -12.94 1.66 17.38 17.00 Blush Green
7 61.40 32.38 60.26 66.65 5.66 64.86 27.62 27.11 Orange
8 39.43 15.57 -42.14 36.34 4.06 -27.05 19.23 18.98 Purplish Blue
9 50.25 48.29 16.72 51.3 34.73 36.9 24.34 24.31 Moderate Red
10 28.79 24.91 -20.78 31.14 16.89 -23.86 8.91 8.59 Purple
1 1 70.70 -26.98 59.14 75.05 -17.45 71.22 15.99 15.39 Yellow Green
12 70.93 15.41 67.86 73.97 -6.66 73.83 23.06 22.86 Orange Yellow
13 30.10 25.66 -54.76 28.48 21.64 -27.03 28.07 28.02 Blue
14 55.39 -43.65 35.44 60.56 -27.69 48.87 21.49 20.86 Green
15 40.17 56.2 26.97 46.29 39.45 41.01 22.70 21.86 Red
16 81.72 -2.27 83.53 79.09 -12.58 78.67 11.70 11.40 Yellow
1 7 49.91 51.68 -15.95 54.33 31.31 3.06 28.21 27.86 Magenta
18 51.83 -22.64 -27 56 47.94 -19.92 -25.22 5.29 3.59 Cyan
19 93.97 0.23 1.45 83.76 -5.75 11.59 15.58 1 1.77 White (.05)
20 79.84 0.21 0.18 82.42 -6.54 9.82 12.05 11.77 Neutral 8
(.23)*
21 66.14 -0.48 0.61 73.48 -6.85 8.37 12.44 10.04 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 58.33 -9.5 5.34 12.70 10.18 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 34.86 -13.75 6 14.39 14.38 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 33.09 -0.7 5.89 14.87 6.13 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Contrast 50 1270 dpi
L* a* b* L* a* b * AE c *
1 36.17 15.17 16.10 48.16 1 46 31.18 23.65 20.38 Dark Skin
2 65.88 16.81 17.83 82.56 -2.84 30.11 28.55 23.17 Light Skin
3 50.69 -1.70 -21.34 60 -5.37 -13.14 12.94 8.98 Blue Sky
4 41.67 -17.26 23.83 54 -24 02 36.03 18.62 13.95 Foliage
5 55.42 13.07 -25.23 67.91 2.64 -4.73 26.17 23.00 Blue Flower
6 70.42 -29.91 0.73 79.29 -10.51 -0.64 21.38 19.45 Blush Green
7 61.40 32.38 60.26 69.11 7.15 66.4 27.09 25.97 Orange
8 39.43 15.57 -42.14 35.16 4.47 -28.26 18.28 17.77 Purplish Blue
9 50.25 48.29 16.72 50.48 35.18 39.17 26.00 26.00 Moderate Red
10 28.79 24.91 -20.78 29.86 3.12 -18.1 21.98 21.95 Purple
1 1 70.70 -26.98 59.14 79.48 -14.46 78.96 25.03 23.44 Yellow Green
12 70.93 15.41 67.86 79.75 -7.49 79.39 27.11 25.64 Orange Yellow
1 3 30.10 25.66 -54.76 27.47 17.41 -28.1 28.03 27.91 Blue
14 55.39 -43.65 35.44 63.22 -29.3 49.66 21.67 20.20 Green
15 40.17 56.2 26.97 46.52 33.92 37.59 25.49 24.68 Red
16 81.72 -2.27 83.53 82.41 -1 1.81 83.61 9.57 9.54 Yellow
17 49.91 51.68 -15.95 55.7 33.28 4.71 28.27 27.67 Magenta
18 51.83 -22.64 -27.56 48.47 -19.99 -27.14 4.30 2.68 Cyan
19 93.97 0.23 1.45 88.85 -4.59 9.92 11.01 9.75 White (.05)
20 79.84 0.21 0.18 88.76 -4.55 9 82 13.97 10.75 Neutral 8
(.23)*
21 66.14 -0.48 0.61 77.21 -6.23 9.05 15.06 10 21 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 59.58 -9.34 6.96 14.07 10.95 Neutral 5 (1
05)*
23 35.32 -0.61 0.15 28.68 -10.05 3.5 12.02 10.02 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 26.93 -0.12 3.01 8.05 3.19 Black (1.50)
64
Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Contrast 60 1270 dpi
L*
a
* b* L*
a
' b*
AE c
"
1 36.17 15.17 16.10 49.44 1.52 32.59 25.19 21.41 Dark Skin
2 65.88 16.81 17.83 84.93 -5.4 28.1 31.01 24.47 Light Skin
3 50.69 -1.70 -21.34 61.63 -4.94 -13.59 13.79 8.40 Blue Sky
4 41.67 -17.26 23.83 55.29 -22.78 37.58 20 13 14.82 Foliage
5 55.42 13.07 -25.23 70.89 1.93 -3 29.28 24.87 Blue Flower
6 70.42 -29.91 0.73 79 73 -9.94 -0.86 22.09 20.03 Blush Green
7 61.40 32.38 60.26 70.33 6.83 67.53 28.02 26.56 Orange
8 39.43 15.57 -42.14 34.63 3.06 -27 75 19.66 19.07 Purplish Blue
9 50.25 48.29 16.72 51.03 35.28 39.36 26.12 26.11 Moderate Red
10 28.79 24.91 -20.78 26.07 -1.67 -14.55 27 44 27.30 Purple
1 1 70.70 -26.98 59.14 81.46 -12.59 81.24 28.48 26.37 Yellow Green
1 2 70.93 15.41 67.86 81.94 -11.32 83.06 32.66 30.75 Orange Yellow
13 30.10 25.66 -54.76 29.44 9.28 -23.36 35.42 35.42 Blue
1 4 55.39 -43.65 35.44 65.79 -27.67 54 01 26.62 24.50 Green
15 40.17 56.2 26.97 46.79 30.93 35.75 27.56 26.75 Red
16 81.72 -2.27 83.53 82.47 -1 1.74 82.35 9.57 9.54 Yellow
1 7 49.91 51.68 -15.95 57.6 34.37 5.22 28.41 27.35 Magenta
18 51.83 -22.64 -27.56 49.23 -20.18 -28.76 3.78 2.74 Cyan
19 93.97 0.23 1.45 88.75 -4.47 9.73 10.86 9.52 White (.05)
20 79.84 0.21 0.18 88.63 -4.5 9.75 13.82 10.67 Neutral 8
(.23)*
21 66.14 -0.48 0.61 83.08 -7.79 8.5 20.07 10.76 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 61.62 -9.25 8.02 15 88 11.56 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 25.95 -6.48 3.79 11.64 6.91 Neutral 3.5 (1.05
24 19.54 0.43 -0.13 23.93 -3.57 1.97 6.30 4.52 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Contrast 70 1270 dpi
L*
a
"
b * L* a ' b* AE c "
1 36.17 15.17 16.10 45 5 1.19 29.76 21.66 19.55 Dark Skin
2 65.88 16.81 17.83 86.03 -6.85 28.06 32 72 25.78 Light Skin
3 50.69 -1.70 -21 34 62.68 -5.27 -12.49 15.32 9.54 Blue Sky
4 41.67 -17.26 23 83 54.51 -23.31 36.6 19.09 14.13 Foliage
5 55.42 13.07 -25.23 71.99 1.06 -2.23 30.79 25.95 Blue Flower
6 70.42 -29.91 0.73 79.24 -10.53 -1.49 21.41 19.51 Blush Green
7 61.40 32.38 60.26 70.87 6.4 69.49 29.15 27.57 Orange
8 39.43 15.57 -42.14 33.18 2.1 -25.26 22.48 21.60 Purplish Blue
9 50.25 48.29 16.72 49.26 33.79 37.83 25.63 25.61 Moderate Red
10 28.79 24.91 -20.78 22.1 2.19 -5.88 27.98 27.17 Purple
1 1 70.70 -26.98 59.14 80.69 -13.14 81.29 27.96 26.12 Yellow Green
12 70.93 15.41 67.86 82.47 -11.08 83.73 32.97 30.88 Orange Yellow
13 30.10 25.66 -54.76 26.03 2.76 -19.19 42 50 42.30 Blue
14 55.39 -43.65 35.44 66.48 -26.49 53.75 27.44 25.09 Green
15 40.17 56.2 26.97 42.66 29.47 33.83 27.71 27.60 Red
16 81.72 -2.27 83.53 82.43 -11.33 84 9.10 9.07 Yellow
17 49.91 51.68 -15.95 56.9 34.32 3.14 26.73 25.80 Magenta
1 8 51.83 -22.64 -27.56 49.92 -19.19 -27.96 3.96 3.47 Cyan
1 9 93.97 0.23 1.45 88.7 -4.64 9.98 11.15 9.82 White (.05)
20 79.84 0.21 0.18 88.69 -4 52 9.89 13.96 10.80 Neutral 8
(.23)*
21 66.14 -0.48 0.61 84.1 -6.99 7.47 20.30 9.46 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 62.02 -8.38 7.75 15.58 10.74 Neutral 5
(1.05j*
23 35.32 -0.61 0.15 22.91 -2.52 2.33 12.74 2.90 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 23.07 -2.18 2.31 5.02 3.57 Black (1.50)
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Delta-E and c* values for
0 riginal vs. Reproduction of Scanned Image
Orig nal Reproduction
L*
a
*
AE c
*
Contrast 80 1270 dpi
b L* a* b*
1 36.17 15.17 16.10 44.73 1.11 28.38 20.54 18.67 Dark Skin
2 65.88 16.81 17.83 86.18 -6.95 28.04 32.88 25.86 Light Skin
3 50.69 -1.70 -21.34 65.89 -5.44 -10.12 19.26 11.83 Blue Sky
4 41.67 -17.26 23.83 55.6 -22.89 37.99 20.65 15.24 Foliage
5 55.42 13.07 -25.23 74.58 -0.1 1 -0.66 33.83 27.88 Blue Flower
6 70.42 -29.91 0.73 80.36 -9.72 -0.51 22.54 20.23 Blush Green
7 61.40 32.38 60.26 72.23 4.79 69.88 31.16 29.22 Orange
8 39.43 15.57 -42.14 34.01 -0.03 -22.47 25.68 25.11 Purplish Blue
9 50.25 48.29 16.72 49.82 32.22 37.72 26.45 26.44 Moderate Red
1 0 28.79 24.91 -20.78 22.16 -0.89 1.27 34 58 33.94 Purple
1 1 70.70 -26.98 59.14 81.37 -12.07 81.89 29.22 27.20 Yellow Green
12 70.93 15.41 67.86 82.57 -11.06 83.07 32.67 30.53 Orange Yellow
13 30.10 25.66 -54.76 22.22 3.36 -7.65 52.71 52.12 Blue
14 55.39 -43.65 35.44 67.66 -25.17 57.03 30.95 28.42 Green
1 5 40.17 56.2 26.97 40.98 24 66 29.73 31.67 31.66 Red
16 81.72 -2.27 83.53 82.45 -11.24 84.01 9.01 8.98 Yellow
17 49.91 51.68 -15.95 58.84 35.41 4.42 27.56 26.07 Magenta
18 51.83 -22.64 -27.56 51.12 -19.54 -27.45 3.18 3.10 Cyan
19 93.97 0.23 1.45 88.79 -4.62 9.95 11.07 9.79 White (.05)
20 79.84 0.21 0.18 88.73 -4.56 9.99 14.07 10.91 Neutral 8
(.23)*
21 66.14 -0.48 0.61 85.22 -7.15 7.41 21.33 9.53 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 64.46 -8.45 9.25 18.15 11.88 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 22.87 -2.38 2.63 12.82 3.05 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 22.86 -2.18 2.21 4.83 3.51 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
635 dpi Contrast 50 Brigthness 50
L* a" b* L * a * b* AE c '
1 36.17 15.17 16.10 47.2 6.36 33.85 22.68 19.82 Dark Skin
2 65.88 16.81 17.83 81.39 -1.12 30.77 27.01 19 82 Light Skin
3 50.69 -1.70 -21.34 56.7 -4.95 -12.98 10.80 22.11 Blue Sky
4 41.67 -17.26 23.83 52.28 -20.35 36.32 16.68 8.97 Foliage
5 55.42 13.07 -25.23 65.06 3.82 -5.39 23.92 12.87 Blue Flower
6 70.42 -29.91 0.73 77.29 -12.16 -1.5 19.16 21.89 Blush Green
7 61.40 32.38 60.26 67 2 10.31 67.54 23.95 17.89 Orange
8 39.43 15.57 -42.14 33.43 5.13 -26.28 19.91 23.24 Purplish Blue
9 50.25 48.29 16.72 48.88 37 86 39.62 25.20 18.99 Moderate Red
10 28.79 24.91 -20.78 27.56 5 18 -17.21 20.09 25.16 Purple
1 1 70.70 -26.98 59.14 77.65 -15.05 79.07 24.25 20.05 Yellow Green
1 2 70.93 15.41 67.86 77.96 -4.47 82.12 25.46 23.23 Orange Yellow
13 30.10 25.66 -54.76 25.86 17.47 -25.53 30.65 24.47 Blue
14 55.39 -43.65 35.44 61.76 -27.95 51.99 23 68 30.36 Green
15 40.17 56.2 26.97 45.16 36.66 38.17 23.07 22.81 Red
16 81.72 -2.27 83.53 82 63 -10.56 87.67 9.31 22.52 Yellow
17 49.91 51.68 -15.95 53.06 33.78 4.27 27.19 9.27 Magenta
18 51.83 -22.64 -27.56 46.73 -19.91 -23.78 6.91 27.00 Cyan
19 93.97 0.23 1.45 88.62 -4 56 10.1 11.24 4.66 White (.05)
20 79.84 0.21 0.18 88.54 -4.66 10.04 14.02 9.89 Neutral 8
(.23)*
21 66.14 -0.48 0.61 74.22 -5.88 8.51 12.52 11.00 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 55.97 -8.51 7.42 11.83 9.57 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 26.57 -5.76 5 17 11.33 10.61 Neutral 3.5 (1.05
24 19.54 0.43 -0.13 24.93 5.1 5.52 9.10 7.19 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
846 dpi Contrast 50 Brigthness 50
L*
a
" b * L* a ' b* AE c '
1 36.17 15.17 16.10 45.78 2.62 31.76 22.25 20.07 Dark Skin
2 65.88 16.81 17.83 81.18 -0.93 30.66 26.71 21.89 Light Skin
3 50.69 -1.70 -21.34 58.01 -5.98 -12.48 12.26 9.84 Blue Sky
4 41.67 -17.26 23 83 51.79 -22.25 35.79 16.44 12.96 Foliage
5 55.42 13.07 -25.23 65.43 3.12 -5.47 24.28 22.12 Blue Flower
6 70.42 -29.91 0.73 78.07 -11.66 -0.78 19.85 18.31 Blush Green
7 61.40 32.38 60.26 67.07 9.86 65.74 23.86 23.18 Orange
8 39.43 15.57 -42.14 33.66 4.99 -26.27 19.93 19.07 Purplish Blue
9 50.25 48.29 16.72 48.31 36.27 38.83 25.24 25.17 Moderate Red
10 28.79 24.91 -20.78 27.74 4.99 -16.63 20.37 20.35 Purple
1 1 70.70 -26.98 59.14 78.33 -14.67 78.45 24.14 22.90 Yellow Green
12 70.93 15.41 67.86 77.88 -4.56 78.52 23.68 22.64 Orange Yellow
13 30.10 25.66 -54.76 25.98 17.71 -26.5 29.64 29.36 Blue
14 55.39 -43.65 35.44 61.49 -28.4 50.83 22.51 21.67 Green
15 40.17 56.2 26.97 45.04 33.83 37.44 25.17 24.70 Red
16 81.72 -2.27 83.53 82.74 -10.92 86.73 9.28 9.22 Yellow
17 49.91 51.68 -15.95 53.43 33 5.59 28.73 28.51 Magenta
1 8 51.83 -22.64 -27.56 47.24 -21 -23.75 6.19 4.15 Cyan
19 93.97 0.23 1.45 88.65 -4.63 9.66 10.92 9.54 White (.05)
20 79.84 0.21 0.18 88.39 -4.83 9.39 13.54 10.50 Neutral 8
(.23)*
21 66.14 -0.48 0.61 74.93 -5.7 9.18 13.34 10.03 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 57.1 -9.15 7.83 13.02 11.36 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 27.38 -6.21 6.39 11.55 8.38 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 25.32 1.88 5.25 8.03 5.57 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
1270 dpi Contrast 50 Brigthness 50
L * a* b* L* a * b AE c '
1 36.17 15.17 16.10 48.16 1.46 31.18 23.65 20.38 Dark Skin
2 65.88 16.81 17.83 82.56 -2.84 30.11 28.55 23.17 Light Skin
3 50.69 -1.70 -21.34 60 -5.37 -13.14 12.94 8.98 Blue Sky
4 41.67 -17.26 23.83 54 -24.02 36.03 18.62 13.95 Foliage
5 55.42 13.07 -25.23 67.91 2.64 -4.73 26.17 23.00 Blue Flower
6 70.42 -29 91 0.73 79.29 -10.51 -0.64 21.38 19.45 Blush Green
7 61.40 32.38 60.26 69.11 7.15 66.4 27.09 25.97 Orange
8 39.43 15.57 -42.14 35.16 4.47 -28.26 18.28 17.77 Purplish Blue
9 50.25 48.29 16.72 50.48 35.18 39.17 26.00 26.00 Moderate Red
10 28.79 24.91 -20.78 29.86 3.12 -18.1 21.98 21.95 Purple
1 1 70.70 -26.98 59.14 79.48 -14.46 78.96 25.03 23.44 Yellow Green
1 2 70.93 15.41 67.86 79.75 -7.49 79.39 27.11 25.64 Orange Yellow
13 30.10 25.66 -54.76 27.47 17.41 -28.1 28.03 27 91 Blue
14 55.39 -43.65 35.44 63.22 -29.3 49.66 21.67 20.20 Green
15 40.17 56.2 26.97 46.52 33.92 37.59 25.49 24.68 Red
16 81.72 -2.27 83.53 82.41 -11.81 83.61 9.57 9.54 Yellow
1 7 49.91 51.68 -15.95 55.7 33.28 4.71 28.27 27.67 Magenta
18 51.83 -22.64 -27.56 48.47 -19.99 -27.14 4.30 2.68 Cyan
19 93.97 0.23 1.45 88.85 -4.59 9.92 11.01 9.75 White (.05)
20 79.84 0.21 0.18 88.76 -4.55 9.82 13.97 10.75 Neutral 8
(.23)*
21 66.14 -0.48 0.61 77.21 -6.23 9.05 15.06 10.21 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 59.58 -9.34 6.96 14.07 10.95 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 28.68 -10.05 3.5 12.02 10.02 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 26.93 -0.12 3.01 8.05 3.19 Black (1.50)
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Delta-E and c* values for
0 riginal vs. Reproduction of Scanned Image
Original Reproduction
L*
c
"
1693 dpi Contrast 50 Brigthness 50
a
" fo- L*
a
* b*
AE
1 36.17 15.17 ie. 10 51.69 0.41 35.59 28.96 24.45 Dark Skin
2 65.88 16.81 17.83 84.67 -4.67 28.92 30 62 24.17 Light Skin
3 50.69 -1.70 -21.34 61.19 -6.21 -12.61 14.38 9.83 Blue Sky
4 41.67 -17.26 23.83 56.05 -23.19 38.35 21.28 15.68 Foliage
5 55.42 13.07 -25.23 69.98 1.44 -2.92 29.07 25.16 Blue Rower
6 70.42 -29.91 0.73 70.07 -10.04 -0.7 19 92 1992 Blush Green
7 61.40 32.38 60.26 70. S 7.46 69.15 28.1 " 26.46 Orange
8 39.43 15.57 -42.14 35.96 3.02 -25.34 21 26 20.97 Purplish Blue
9 50.25 48.29 16.72 51. 3S 36.21 39.43 25.75 25.72 Moderate Red
10 28.79 24.91 -20.78 30.26 4.62 -16.62 20.76 20.71 Purple
1 1 70.70 -26.98 59.14 81.23 -12.09 81.18 28.6 26.60 Yellow Green
1 2 70.93 15.41 67.86 82.3 -9.86 83.02 31.6 29.47 Orange Yellow
13 30.10 25.66 -54.76 28. oe 16.08 -26.06 30 32 30.26 Blue
14 55.39 -43.65 35.44 65.1 -27.96 51.9 24.73 22.74 Green
15 40.17 56.2 26.97 47.54 35.18 39.03 25.33 24.23 Red
16 81.72 -2.27 83.53 82.6 -10.6 84.01 8.4 8.34 Yellow
1 7 49.91 51.68 -15.95 57.61 32.79 4.39 28.8 27.76 Magenta
18 51.83 -22.64 -27.56 50. S -21.18 -26.06 2.29 2.09 Cyan
19 93.97 0.23 1 45 88.74 -4.55 9.74 10.9 9.57 White (.05)
20 79.84 0.21 0.18 88.76 -4.56 9.72 13.90 10.67 Neutral 8
(.23)*
21 66.14 -0.48 0.61 80.95 -7.38 8.94 18 34 10.82 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 61.44 -9.36 6.22 15.0 10.53 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 29.91 -10.27 6 12.52 11.29 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 28.26 0.17 5.74 10.5 5.88 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of ScannecI Image
Original Reproduction
L*
a
*
AE c
*
Coated 50/50 1270 dpi
b * L* a * b*
1 36.17 15.17 16.10 48.16 1.46 31.18 23.65 20.38 Dark Skin
2 65.88 16.81 17.83 82.56 -2.84 30.11 28.55 23.17 Light Skin
3 50.69 -1.70 -21.34 60 -5.37 -13.14 12.94 8.98 Blue Sky
4 41.67 -17.26 23.83 54 -24 02 36.03 18.62 13.95 Foliage
5 55.42 13.07 -25.23 67.91 2 64 -4.73 26.17 23.00 Blue Flower
6 70.42 -29.91 0.73 79.29 -10.51 -0.64 21 38 19.45 Blush Green
7 61.40 32.38 60.26 69.11 7.15 66.4 27.09 25 97 Orange
8 39.43 15.57 -42.14 35.16 4.47 -28.26 18.28 17.77 Purplish Blue
9 50.25 48.29 16.72 50.48 35.18 39.17 26.00 26.00 Moderate Red
10 28.79 24.91 -20.78 29.86 3.12 -18.1 21.98 21.95 Purple
1 1 70.70 -26.98 59.14 79.48 -14.46 78.96 25.03 23.44 Yellow Green
1 2 70.93 15.41 67.86 79.75 -7 49 79.3 27.1 1 25.64 Orange Yellow
13 30.10 25.66 -54.76 27.47 17.41 -28.1 28.03 27.91 Blue
14 55.39 -43.65 35.44 63.22 -29.3 49.66 21.67 20.20 Green
15 40.17 56.2 26.97 46.52 33.92 37.5S 25.49 24.68 Red
16 81.72 -2.27 83.53 82.41 -11.81 83.61 9.57 9.54 Yellow
1 7 49.91 51.68 -15.95 55.7 33.28 4.71 28.27 27.67 Magenta
18 51.83 -22.64 -27.56 48.47 -19.99 -27.14 4.30 2.68 Cyan
19 93.97 0.23 1.45 88.85 -4.59 9.92 11.01 9.75 White (.05)
20 79.84 0.21 0.18 88.76 -4.55 9. 82 13.97 10.75 Neutral 8
(.23)*
21 66.14 -0.48 0.61 77.21 -6.23 9.0E 15.06 10.21 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 59.58 -9.34 6.96 14.07 10.95 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 28.68 -10.05 3.E 12.02 10.02 Neutral 3.5 (1.05
24 19.54 0.43 -0.13 26.93 -0.12 3.01 8.05 3.19 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Uncoated 50/50 1270 dpi
L*
a
* b * L* a * b* AE c '
1 36.17 15.17 16.10 47.27 0.78 31.72 23.96 21.24 Dark Skin
2 65.88 16.81 17.83 80.42 -1.88 30.4 26.81 22.52 Light Skin
3 50.69 -1.70 -21.34 56.98 -5.82 -12.87 11.33 9.42 Blue Sky
4 41.67 -17.26 23.83 50.99 -24.84 36.1 17.17 14.42 Foliage
5 55.42 13.07 -25.23 65.21 2.92 -6.23 23.66 21.54 Blue Flower
6 70.42 -29.91 0.73 77.16 -12.57 0.61 18.60 17.34 Blush Green
7 61.40 32.38 60.26 65.78 7.13 69.87 27.37 27.02 Orange
8 39.43 15.57 -42.14 31.32 3.35 -31.12 18.35 16.46 Purplish Blue
9 50.25 48.29 16.72 47.39 35.02 38.71 25.84 25.68 Moderate Red
10 28.79 24.91 -20.78 27.92 3.52 -19.98 21.42 21.40 Purple
1 1 70.70 -26.98 59.14 76.15 -17.07 79.99 23.72 23.09 Yellow Green
12 70.93 15.41 67.86 76.88 -7.27 81.9 27.33 26.67 Orange Yellow
13 30.10 25.66 -54.76 21.93 20.8 -31.53 25.10 23.73 Blue
14 55.39 -43.65 35.44 59.34 -29.65 55.01 24.38 24.06 Green
15 40.17 56.2 26.97 44.15 33.94 36.08 24.38 24.05 Red
16 81.72 -2.27 83.53 82.04 1 2 89.21 11.27 11.27 Yellow
17 49.91 51.68 -15.95 52.82 32.89 3.24 27.01 26.86 Magenta
18 51.83 -22.64 -27.56 45.15 -21.82 -26.77 6.78 1.14 Cyan
19 93.97 0.23 1.45 88.7 -4.63 9.86 11.05 9.71 White (.05)
20 79.84 0.21 0.18 87.32 -5.61 7.98 12.27 9.73 Neutral 8
(.23)*
21 66.14 -0.48 0.61 74.91 -6.6 9.6 13.97 10.88 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 57.92 -9.42 6.6 12.97 10.80 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 28.57 -7.08 3.52 9.94 7.30 Neutral 3 5 (1.05)
24 19.54 0.43 -0.13 26.64 0.7 3.18 7.84 3.32 Black (1.50)
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Delta-E and c* values for
Original vs. Reproduction of Scanned Image
Original Reproduction
Newsprint 50/50 1270 dpi
L*
a
" b ' L* a ' b* AE c *
1 36.17 15.17 16.10 48.75 0.4 33.72 26.21 22.99 Dark Skin
2 65.88 16.81 17.83 78.32 -1.87 30.58 25.81 22.62 Light Skin
3 50.69 -1.70 -21.34 54.5 -7.06 -12.74 10.83 10.13 Blue Sky
4 41.67 -17.26 23.83 50.85 -24.66 37.12 17.77 15.21 Foliage
5 55.42 13.07 -25.23 62.68 2.19 -6.54 22.81 21.63 Blue Flower
6 70.42 -29.91 0.73 74.89 -13.57 0.14 16.95 16.35 Blush Green
7 61.40 32.38 60.26 65.34 7.84 71.55 27.30 27.01 Orange
8 39.43 15.57 -42.14 29.61 4.54 -30.13 19.04 16.31 Purplish Blue
9 50.25 48.29 16.72 46.61 35.64 37.82 24.87 24.60 Moderate Red
10 28.79 24.91 -20.78 26.96 3.89 -21.13 21.10 21.02 Purple
1 1 70.70 -26.98 59.14 74.64 -18.41 81.8 24.54 24.23 Yellow Green
12 70.93 15.41 67.86 74.9 -7.43 83.69 28.07 27.79 Orange Yellow
13 30.10 25.66 -54.76 20.22 23.26 -31.78 25.13 23.10 Blue
14 55.39 -43.65 35.44 58.84 -30.27 56 24.77 24.53 Green
15 40.17 56.2 26.97 43.84 35.02 37.13 23.78 23.49 Red
16 81.72 -2.27 83.53 80.87 -12.47 92.09 13.34 13.32 Yellow
17 49.91 51.68 -15.95 51.66 33.24 2.77 26.34 26.28 Magenta
18 51.83 -22.64 -27.56 44.76 -22.47 -25.79 7.29 1.78 Cyan
19 93.97 0.23 1.45 87.65 -5.53 11.24 13.00 11.36 White (.05)
20 79.84 0.21 0.18 85.68 -6.78 8.83 12.56 11.12 Neutral 8
(.23)*
21 66.14 -0.48 0.61 74.51 -6.59 8.79 13.20 10.21 Neutral 6.5
(.44)*
22 50.74 -0.68 0.26 57.46 -9.67 5.47 12.37 10.39 Neutral 5
(1.05)*
23 35.32 -0.61 0.15 28.58 -9.67 5.47 12.48 10.51 Neutral 3.5 (1.05)
24 19.54 0.43 -0.13 26.73 0 3 3.44 8.03 3.57 Black (1.50)
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APPENDIX F
SUMMARY OF DATA FOR DELTA E & C*
WITH MAXIMUM MINIMUM DELTA E DIFFERENCES
FOR BRIGHTNESS, CONTRAST, DPI, & STOCKS
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Brightness 30-80 in Delta E values
30 40 50 60 70 80 Max A E Min A E
1 23.65 19.05 23.65 35.84 40.27 46.36 Dark Skin 27.3
2 28.55 24.82 28.55 30.74 32.89 32.56 Light Skin 8.1
3 12.94 12.79 12.94 17.12 22.25 27.43 Blue Sky 14.6
4 23.65 10.44 18.62 23.48 34.41 38.72 Foliage 28.3
5 28.55 24.58 26.17 30.99 34.84 36.43 Blue Flower 11 9
6 12.94 17.66 21.38 22.98 24.29 23.07 Blush Green 1 1.4
7 18.62 26.93 27.09 31.33 33.65 37.58 Orange 19.0
8 26.17 24.72 18.28 21.02 24.14 28.15 Purplish Blue 9.9
9 21.38 27.04 26.00 24.76 22.47 24.31 Moderate Red 5 7
10 27.09 27 43 21.98 8.51 7.36 10.34 Purple 20.1
1 1 18.28 16.67 25.03 24.38 26.94 26.17 Yellow Green 10.3
12 26.00 23.15 27.11 31.64 31.92 32.29 Orange Yellow 9.1
1 3 21.98 43.12 28.03 28.31 29.82 32.14 Blue 21.1
14 25.03 19.90 21.67 28.10 31.85 33.44 Green 13.5
15 27.11 32.92 25.49 22.06 20.15 21.15 Red 12.8
16 28.03 10.46 9.57 9.50 9.63 9.61 Yellow 18 5
17 21.67 31.50 28.27 26.45 28.71 31.11 Magenta 9.8
18 25.49 8.52 4.30 3.16 2.45 4.80 Cyan 23.0
19 9.57 12.37 11.01 10.95 11.17 11.30 White (.05) 2.8
20 28.27 12.35 13.97 13.86 14.12 14.1 1 Neutral 8
(.23)* 15.9
21 4.30 12.29 15.06 20.26 21.39 21.12 Neutral 6.5
(.44)* 17.1
22 11.01 10.19 14.07 19.56 23.81 25.21 Neutral 5 (1
05)* 15.0
23 13.97 12.39 12.02 13.50 19.94 20.17 Neutral 3.5 (1.05) 8 2
24 15.06 5.15 8.05 14.15 21.14 24.01 Black (1.50) 18.9
499.28 466.43 468.28 512.67 569.59 611.57 Sum 352.19
20.80 19.43 19.51 21.36 23.73 25.48 Avg.
'Optical Density
14.67
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Contrast 30-80 in Delta E values
30 40 50 60 70 80 Max A E - Min A E
1 28.60 26.85 23.65 25.19 21.66 20.54 Dark Skin 27.6
2 23.74 23.99 28.55 31.01 32.72 32.88 Light Skin 30.7
3 12.54 13.10 12.94 13.79 15.32 19.26 Blue Sky 12.3
4 17.52 16.67 18.62 20.13 19.09 20.65 Foliage 16.1
5 24.81 24.52 26.17 29.28 30.79 33.83 Blue Flower 25.8
6 19.08 17.38 21.38 22.09 21.41 22.54 Blush Green 16.1
7 26.33 27.11 27.09 28.02 29.15 31.16 Orange 22.2
8 19.86 19.23 18.28 19.66 22.48 25.68 Purplish Blue 14.5
9 25.59 24.34 26.00 26.12 25.63 26.45 Moderate Red 17.1
10 9.20 8.91 21 98 27.44 27.98 34.58 Purple 19.1
11 18.48 15.99 25.03 28.48 27.96 29.22 Yellow Green 17.5
12 22.79 23.06 27.11 32.66 32.97 32.67 Orange Yellow 21.0
13 28.38 28.07 28.03 35.42 42.50 52.71 Blue 29.5
14 24.33 21.49 21.67 26.62 27.44 30.95 Green 13.4
15 23.25 22.70 25.49 27 56 27.71 31.67 Red 12.7
16 10.24 11.70 9.57 9.57 9.10 9.01 Yellow 6.9
17 27.89 28.21 28.27 28.41 26.73 27.56 Magenta 11.4
18 6.15 5.29 4.30 3.78 3.96 3.18 Cyan 14.2
19 15.19 15.58 11.01 10.86 11.15 11.07 White (.05) 8.1
20 10.80 12.05 13.97 13.82 13.96 14.07 Neutral 8 (.23)* 9.2
21 12.15 12.44 15.06 20.07 20.30 21.33 Neutral 6.5 (.44)* 8.9
22 12.10 12.70 14 07 15.88 15.58 18.15 Neutral 5
(1.05)* 9.9
23 14.24 14.39 12.02 11.64 12.74 12.82 Neutral 3.5 (1.05) 11.4
24 14.32 14.87 8.05 6.30 5.02 4.83 Black (1.50) 19
447.55 440.62 468.28 513.79 523.353 566.81 Sum 394.55
18.65 18.36 19.51 21.41 21.81 23.62 Avg. 16.44
'Optical Density
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dp and Delta E values
Dark Skin
635 846 1270 1693 Max A E - Min A E
1 22.68 22.25 23.65 28.96 6.7
2 27.01 26.71 28.55 30.62 Light Skin 3.9
3 10.80 12.26 12.94 14.38 Blue Sky 3.6
4 16.68 16.44 18.62 21.28 Foliage 4.8
5 23.92 24.28 26.17 29.07 Blue Flower 5.1
6 19.16 19.85 21.38 19.92 Blush Green 2.2
7 23.95 23.86 27.09 28.11 Orange 4 3
8 19.91 19.93 18.28 21.26 Purplish Blue 3.0
9 25.20 25.24 26.00 25.75 Moderate Red 0.8
10 20.09 20.37 21.98 20.76 Purple 1 .9
1 1 24.25 24.14 25.03 28.61 Yellow Green 4.5
12 25.46 23.68 27.11 31.61 Orange Yellow 7.9
13 30.65 29.64 28.03 30.32 Blue 2.6
14 23.68 22.51 21.67 24.73 Green 3.1
15 23.07 25.17 25.49 25.33 Red 2.4
16 9.31 9.28 9.57 8.41 Yellow 1.2
17 27.19 28.73 28.27 28.81 Magenta 1.6
18 6.91 6.19 4.30 2.29 Cyan 4.6
19 1 1.24 10.92 11.01 10.91 White (.05) 0.3
20 14.02 13.54 13.97 13.90 Neutral 8
(.23)* 0 5
21 12.52 13.34 15.06 18.34 Neutral 6.5
(.44)* 5.8
22 11.83 13.02 14.07 15.01 Neutral 5
(1.05)* 3.2
23 11.33 11.55 12.02 12.52 Neutral 3.5
(1.05)' 1.2
24 9.10 8.03 8.05 10.51 Black (1.50) 2.5
449.95 450.94 468.28 501.41 Sum 77.70
18.75 18.79 19.51 20.89 Avg. 3.24
-
*Optical Density
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Stocks and Delta E values
Newsprint Uncoated Coated Max A E - Min A E
1 24.45 23.96 23.65 Dark Skin 0.8
2 24.17 26.81 28.55 Light Skin 4.4
3 9.83 11.33 12.94 Blue Sky 3.1
4 15.68 17.17 18.62 Foliage 2.9
5 25.16 23.66 26.17 Blue Flower 2 5
6 19.92 18.60 21.38 Blush Green 2.8
7 26.46 27.37 27 09 Orange 0.9
8 20.97 18.35 18.28 Purplish Blue 2.7
9 25.72 25.84 26.00 Moderate Red 0 3
10 20.71 21.42 21.98 Purple 1.3
1 1 26.60 23.72 25.03 Yellow Green 2.9
12 29.47 27.33 27.11 Orange Yellow 2.4
13 30.26 25.10 28.03 Blue 5.2
14 22.74 24.38 21.67 Green 2.7
15 24.23 24.38 25.49 Red 1.3
16 8.34 11.27 9.57 Yellow 2.9
17 27.76 27.01 28.27 Magenta 1.3
18 2.09 6.78 4.30 Cyan 4.7
19 9.57 11.05 11.01 White (.05) 1.5
20 10.67 12.27 13.97 Neutral 8 (.23) 3.3
21 10.82 13.97 15.06 Neutral 6.5
(.44)* 4.2
22 10.53 12.97 14.07 Neutral 5
(1.05)* 3.5
23 11.29 9.94 12.02 Neutral 3.5 (1.
05)* 2.1
24 5.88 7.84 8.05 Black (1.50) 2.2
443.32 452.53 468.28 Sum 61.70
18.47 18.86 19.51 Avg. 2.57
'Optical Density
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APPENDIX G
SUMMARY OF DATA FOR C*
WITH MAXIMUM MINIMUM C* DIFFERENCES
FOR BRIGHTNESS, CONTRAST, DPI, & STOCKS
80
Brightness 30-80 in Delta C values
30 40 50 60 70 80 Max A E - Min A E
1 14.25 17.92 20.38 29.66 31.61 24.76 Dark Skin 17.4
2 20.43 21.21 23.17 24.05 25.67 21.48 Light Skin 5.2
3 14.08 11.87 8.98 10.23 13.25 7.12 Blue Sky 7.0
4 4.72 7.80 13.95 16.61 27.12 15.50 Foliage 22.4
5 25.31 23.11 23.00 25.93 28.45 18.01 Blue Rower 10.4
6 18.82 16.83 19.45 20.56 21.34 13.56 Blush Green 7.8
7 30.56 26.84 25.97 29.58 31.49 18.99 Orange 12.5
8 33.84 24.11 17.77 21.02 24.00 16.12 Purplish Blue 17 7
9 30.59 26.97 26.00 24.61 22.18 18.02 Moderate Red 12.6
10 33.73 26.84 21.95 7.69 5.31 28.65 Purple 28.4
11 14.46 16.07 23.44 22.64 24.77 14.89 Yellow Green 10.3
12 22.41 22.83 25.64 29.69 29.88 15.46 Orange Yellow 14.4
13 59.87 42.92 27.91 28.31 29.81 34.91 Blue 32 0
14 18.26 19.64 20.20 25.78 28.80 9.75 Green 19.1
15 43.45 32.92 24.68 20.31 18.38 25.08 Red 25.1
16 10.16 10.45 9.54 9.49 9.62 6.49 Yellow 4.0
17 34.47 31.35 27.67 24.76 26.62 14.42 Magenta 20.0
18 7.81 6.01 2.68 3.16 0.31 16.01 Cyan 15 7
19 10.85 10.74 9.75 9.66 9.89 9.33 White (.05) 1.5
20 11.47 10.64 10.75 10.65 11.01 9.28 Neutral 8
(.23)* 2.2
21 9.79 9.97 10.21 10.62 9.56 10.82 Neutral 6.5
(.44)* 1.3
22 10.38 9.39 10.95 10.83 12.24 11.06 Neutral 5
(1.05)* 2.8
23 3.02 3.58 10.02 13.50 19.40 16.69 Neutral 3.5 (1.05) 16.4
24 3.64 3.73 3.19 5.30 6.93 20.88 Black (1.50) 17.7
486.37 433.73 417.25 434.64 31.61 397.27 Sum 323.79
20.27 18.07 17.39 18.11 25.67 16.55 Avg. 13.49
'Optical Density
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Contrast 30-80 in Delta C values
30 40 50 60 70 80 Max A E - Min A E
1 17.92 22.02 20.38 21.41 19.55 21.41 Dark Skin 4.1
2 22.63 21.22 23.17 24.47 25.78 24.47 Light Skin 4 6
3 28.36 11 07 8.98 8.40 9.54 8.40 Blue Sky 20.0
4 23.65 12.25 13.95 14.82 14.13 14.82 Foliage 11.4
5 22.30 22.57 23.00 24.87 25.95 24.87 Blue Flower 3.7
6 9.90 17.00 19.45 20.03 19.51 20.03 Blush Green 10.1
7 27.51 27.11 25.97 26.56 27.57 26.56 Orange 1.6
8 4.23 18.98 17.77 19.07 21.60 19.07 Purplish Blue 17 4
9 11.10 24.31 26.00 26.11 25.61 26.11 Moderate Red 15.0
10 10.35 8.59 21.95 27.30 27.17 27.30 Purple 18.7
11 9.75 15.39 23.44 26.37 26.12 26.37 Yellow Green 16.6
12 9.60 22.86 25.64 30.75 30.88 30.75 Orange Yellow 21.3
13 14.21 28.02 27.91 35.42 42.30 35.42 Blue 28.1
14 6.09 20.86 20.20 24.50 25.09 24.50 Green 19.0
15 17.92 21.86 24 68 26.75 27.60 26.75 Red 9.7
16 22.63 11.40 9.54 9.54 9.07 9.54 Yellow 13.6
17 28.36 27.86 27.67 27.35 25.80 27.35 Magenta 2.6
18 23.65 3.59 2.68 2.74 3.47 2.74 Cyan 21.0
19 22.30 11.77 9.75 9.52 9.82 9.52 White (.05) 12.8
20 9.90 11.77 10.75 10.67 10.80 10.67 Neutral 8
(.23)* 1.9
21 27.51 10.04 10.21 10.76 9.46 10.76 Neutral 6.5
(.44)* 18.0
22 4.23 10.18 10.95 11.56 10.74 11.56 Neutral 5
(1.05)* 7 3
23 11.10 14.38 10.02 6.91 2.90 6.91 Neutral 3.5
(1.05)* 11.5
24 10.35 6.13 3.19 4.52 3.57 4 52 Black (1.50) 7 2
395.52 401.22 417.25 450.38 454.032 450.38 Sum 58.5
16.48 16.72 17.39 18.77 18.92 18.77 Avg. 2.4
'Optical Density
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dp and Delta C values
Dark Skin
635 846 1270 1693 Max A E - Min A E
1 19.82 22.25 20.38 24.45 4 6
2 19.82 26.71 23.17 24 17 Light Skin 6.9
3 22.11 12.26 8.98 9.83 Blue Sky 13.1
4 8.97 16.44 13.95 15.68 Foliage 7 5
5 12.87 24.28 23.00 25.16 Blue Flower 12.3
6 21.89 19.85 19.45 19.92 Blush Green 2.4
7 17.89 23.86 25.97 26.46 Orange 8 6
8 23.24 19.93 17.77 20.97 Purplish Blue 5 5
9 18.99 25.24 26.00 25 72 Moderate Red 7 0
10 25.16 20.37 21.95 20.71 Purple 4.8
1 1 20.05 24.14 23.44 26.60 Yellow Green 6.5
12 23.23 23.68 25.64 29.47 Orange Yellow 6 2
13 24.47 29.64 27.91 30.26 Blue 5 8
14 30.36 22.51 20.20 22.74 Green 10.2
15 22.81 25.17 24.68 24.23 Red 2.4
16 22.52 9.28 9.54 8.34 Yellow 14.2
1 7 9.27 28.73 27.67 27.76 Magenta 19.5
18 27.00 6.19 2.68 2.09 Cyan 24.9
19 4.66 10.92 9.75 9.57 White (.05) 6 3
20 9.89 13.54 10.75 10.67 Neutral 8
(.23)* 3.7
21 11.00 13.34 10.21 10.82 Neutral 6.5
(.44)' 3.1
22 9.57 13.02 10.95 10.53 Neutral 5
(1.05)* 3.4
23 10.61 11.55 10.02 11.29 Neutral 3.5
(1.05)' 1.5
24 7.19 8.03 3.19 5.88 Black (1.50) 4 8
423.37 450.94 417.25 443.32 Sum 185.20
17.64 18.79 17.39 18.47 Avg. 7.72
'Optical Density
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Stocks and Delta C values
Newsprint Uncoated Coated Max A E - Min A E
1 22.99 21.24 20.38 Dark Skin 2.6
2 22.62 22.52 23.17 Light Skin 0.6
3 10.13 9.42 8.98 Blue Sky 1 .1
4 15.21 14.42 13.95 Foliage 1 3
5 21.63 21.54 23.00 Blue Flower 1.5
6 16.35 17.34 19.45 Blush Green 3.1
7 27.01 27.02 25.97 Orange 1 .1
8 16.31 16.46 17.77 Purplish Blue 1.5
9 24.60 25.68 26.00 Moderate Red 1.4
10 21.02 21.40 21.95 Purple 0.9
11 24.23 23.09 23.44 Yellow Green 1 .1
12 27.79 26.67 25.64 Orange Yellow 2.2
13 23.10 23.73 27.91 Blue 4.8
14 24.53 24.06 20.20 Green 4.3
15 23.49 24.05 24.68 Red 1.2
16 13.32 11.27 9.54 Yellow 3.8
17 26.28 26.86 27.67 Magenta 1.4
18 1.78 1.14 2.68 Cyan 1.5
19 11.36 9.71 9.75 White (.05) 1.6
20 11.12 9.73 10.75 Neutral 8 (.23)* 1.4
21 10.21 10.88 10.21 Neutral 6.5 (.44)* 0.7
22 10.39 10.80 10.95 Neutral 5 (1.05)* 0.6
23 10.51 7.30 10.02 Neutral 3.5 (1.05)* 3.2
24 3.57 3.32 3.19 Black (1.50) 0.4
419.55 409.65 417.25 Sum 43.25
17.48 17.07 17.39 Avg. 1.80
"Optical Density
